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NAVIGATOR 
VE N I- ME C u M. 
O R 
A Complete Syſtem of the 
ART or NAVIGATION; 


CoxTaininG 


Every thing neceſſary to be known in Arithme- 
tic, Geometry, and Trigonometry, to qualify 

a perſon for keeping an accurate, rational, and 

true Account of 2 Ship's way at Sea. And 
alſo how to direct her to any Port deſired. 


To which are added Traverſe tables, tables of 
1 Logarithms, Sines, Tangents, &c. which ren- 
: der this _ complete and IRE. 


2h " How wonderful is "ths way "of a Ship in the midſt of the Sea "8 | 
| | | PRO. xxx, 18. 
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AVIGATION, in its preſent tate of Perfection, 
has, without doubt, been the reſult of many ages; and 
the Sacred Hiſtory is not wholly ſilent of its antiquity ; For the 
patriarch Jacob, when in Egypt, bleſſed his ſons, made mention of 
Havens and Ships. Again we find the Tyreans and Phœnecians 


were early concerned in a coaſting Navigation: Alſo king So- 


lomon made a Navy of Ships, and Hiram, king of Tyreß ſent ma- 
riners, or ſhip-men, his ſeryants, that had knowledge of the ſea, to 
aſſiſt and inſtruct the ſervants of king Solomon, in the pilsting and 
navigating of the navy which he had ordered to be made : But to 
whom the world is indebted for the invention of Ships, is like other 
things of equal antiquity, very uncertain. _ | 


REMOTE NAVIGATION has had its riſe and: progres in 


the latter ages, after the invention of the Compaſs ; for Pliny writes | 
f carrying birds to ſea, in his time, in caſe the ſhip ſhould 


to be drove out of ſight of land, which they let go, ſuppoſing 


that by inſtinct, * to their mm, they would fly towards 
the ſhore. 


THE Phœnicians made a voyage on the e ee from. 


Zidon to Greece, carried away Io, the daughter of Inachus, who 
came with other Grecian women to their ſhip's to buy merchandize 
before Chriſt 1047. - . e 


sor ouon's fleet on che Red fon was 1017 years ER Chriſt. 


The Greek's ordered the building of the ſhip Argo, (after the 
pattern of the long ſhip, in which Danaus came into Greece, ) ſor 
the Euxine and Mediterranean ſeas, about 940 years bt fore ow 
Saviour, and the beſt Chronologer s make the he Argonantic ex pon 
about 3 years later, 


4 2 f | 4 


Tre- 


— 


— GùPũl— er ESI" 


iv r u E r A E K. 
TAE Pheenicians failed as far as the Straits of Gibralter or beyond, 
K C. ;. And the Corinthians built ſhips with three orders of 


oars, called; Triremes. The Greeks, having heretof6re, uſed long 


veſſels of 50 oars A. C. 697. Alſo, the oldeſt Sea-fight is ſaid to 
be 657. A. C. Hiſtory makes mention of Ptolomy Philopater, 


being urged by a vain ambition to exceed all the world beſide, built 


a veſſel, of ſuch enormous bulk, that ſhe appeared at diſtance like 
a floating mountain or ifland, which contained Four Thouſand 
Rowers, Pour Hundred Sailors otherwiſe employed, and near Three 

Thouſand Soldiers. But this, and all ſuch monſtrous fabrics, 


ſerved only for ſhe and oftentation, them vaſt bulk n | 
chem unfit for ſervice. 


NAVIGATION is an art ſo tne a6f, that, of 


all. others, it claims our utmoſt regard in order to promote 
and encourage it, as it is principally. owing thereto that Britain is 
enabled to partake of the produce of both Indies; and mentains a 
| kind'of. lovereignity over the main. 


NAVIGATION Ands employment Direcuy, or LndireAty, f. for 


| N many thouſands; Directly, employed in building and navigating | 
merchants ſhips and ſhips of war; Indirectly, as it is by means 


thereof, that the merchant is enabled to tranſport, the overplus- pro- 
duce, of all kinds of our manufactories, to the moſt femote and di- 


Y Rant regions of. the globe, and; and bring us home, in cxchangs | 


the valuable produltions of. thoſe diſtant. countries. 


NavicaTiON, with refpeR to Taxon v, is ſapported by the | 
three ſtrong pillars, viz. AR1THMETIC; GEOMETRY, and TRi- 
GONOMETRY. Therefore, every Navigator ſhould underſtand. 


Numbers, Lines, and the Affections of Triangles. 


I this courſe, called the NAvIGaTOR's VENI-MECUM, 
we have, by way of introduction, pointed out the riſe and progreſs 
of che antient Navigation; and alſo pointed: out the capital theo- 


ries and anologies made uſe of by the Moderns; ſo that in little 
more than 30 pages of this ſmall volume, you have a complete 
view of the whole myſtery of Modern Navigation, in the follow - 


A. C. ſtands for Ante Chriſtum, that is, before Cluilt. 


FR 5 © ACE v 
ing - modes of ſailing; as Plain, Traverſe, Parallel, Mercators, and 
Middle Latitude Sailing, the Theory of Latitude, Longitude, 
Sun's Declination, Variation of the Compaſs, Leeway, of Obſerva- 
tions, Keeping a Sea Reckoning, wizh the Neceſſary Corrections. 

To find the new and full Moons, her Age and Southing, To 
reckon the Tides, &. To which is added, the Geographical 
_ divifien of the Earth into Anteoci Perieci and Antipodes, A ſhort | 

view of the Copernican Syſtem of the Univerſe, and a few. fur- 

_ priling Paradoxes with thar Solutions. 


In the body of the work is given an explanation of the ſigns, 
marks, or characters, adopted by mathematicians, the firſt funda- 
mental rules in ARITHMETIC relative to pure numbers, Compound 
Multiplication, Diviſion, Reduction, Rule of Proportion, the doc- 
trine of Decimal Arithmetic, with it's application to the meaſure- 
ment of Bales, Caſes, or Packages; the Square root and its uſe, 
performed: by Logarithms; the uſe of Gunter's Scale with com- 


+ paſſes, and Sliding Gunter in board and timber meaſure, proved 


by the-pen; with Caſk Guaging and the Meaſurement of Ships, &c. 
The conſtructiom of the plain Scale; and of the Lines put on Gunter's 


Scale; as Numbers, Sines, Tangents, Verſed Sines, Sines andTangents 
of Rhumbs. Problems in Geometry, a Synopſis of the fix Caſes of 
__ Rightangied Triangles, with examples inCafes 1ſt. and 4th. worked 

out Geometrically, by Logarittms, by Natural Sines : alſd Inſtru- 
mentally, by Gunter's Scale with Compaſſes, vy the fliding Gunter, 

by the Sector, and by a methed purely Arithmetical, independent 
of tables. Then follows Plain Sailing, in all its parts as Meridional, 

Equatorial, and Loxodromic, illuſtrated with pertinent examples, 
worked out at large in all caſes, with rules and examples reſpect- 
ing Latitude, Traverſe Sailing, Geometrically, Inſtrumentally by 

Gunter with Compaſſes, ſliding Gunter, by the Traverſe Table, 
and by the Table of Natural fine; Arithmetically ; Parrallel Sail- 
ing, with rules and examples reſpecting N in frve Giferent 

caſes. 


Mx ATOR's 3 by x table of Maida Pace, 
| Geometrically, Inſtrumentally, by Middle Lattitude, by Loga- 
rithms, by Natural fines, by Logarithm tangents, in all the va- 


vi FEEL TA CE 
rious caſes thereof. The THEORY of the Sun's Declination, rules 
and examples, for working Obſervations made at Sea, in all caſes 
with great accuracy ; allowing for the Sun's Semidiameter, Refrac- 
tion, Height of the Eye of the Obſerver, with the correction of 
Tabular declinations to remote Longitudes. The Variation of the 
Compaſs, Geometrically, by an Amplitude, by an Azimuth com- 
paſs at Mid-day, by Two equal Altitudes of the Sun and their 
correſponding Azimuths. To work a Day's Reckening, to keep 
a Journal of a Ship's Way at Sea, illuſtrated by Six Days ſailing, 
from Cape Clear in Ireland, towards Cape Henry in Virginia. The 
uſe of the Plain and Mercator's Chart in ſailing, with the method 
of pricking the Ship on the Chart, &c. To which is added, the 
following uſ ful and neceſſary tables, viz. A table of the Declina- _ 
tions of a few of the moit eminent fixed ſtars, adjuſted to the be- 
gining of the year 1774, A table of the Obſerved Variation of 
the mpaſs, in many places of the world, A Tide table ſhewing 
High water, at a number of places frequented by Navigators, on | | 
die Full and Change Days, to be added to the time of Moon's 
f Southing at other ages, for the time of High- water then and there. 
An extenſive Sea-coaſt table of che Latitudes, and Longitudes, of 
many of the principal Harbours, Capes, Iſlands, Bays, &c. in the 
known world, A table of the Sun's Declination and explanation 
_ * of a particular artifice to render it perpetual, A table whereby the 
Sun's Amplitude may be found as far as 60 Degrees, North or 
South at any time, by means of the Declination; for the more 
ready finding the Variation of the compaſs. An extenſive Tra- 
yerſe table, with its explanation, to anſwer all the purpoſes of the 
Seaman's Daily Affifiant, in all the Caſes of Sailing, with reſpe& 
to Courſe, Diſtance, Difference of Latitude, Departure, Difference | 
of Longitude, c. A table of Logarithms, ſufficient to anſwer 1 
all the purpoſes of Navigator, for ſuch as chooſe to work thereby. 4 
A table of Logarithms, Sines, and Tangents to everv 5th Minute | 
of the Quadrant, and the explanation of a peculiar artifice to make 
them anſwer to every Minute of the Quadrant. A table of Na- 
tural Sines and FR on the ſame plan for every 15th. min. 
| CONT * N I 8. 


* 


- 


WWECEONTENST 


NTRODUCTION — 1 
Tpeory of plain ſailing — 7 
Do. Parallel ſailing — 10 
Do. Mercator's ſailing — 12 
Da. Middle latitude ſailing — 13 
Ob ſer vation: — 16 
Declinatios . | — 
Do correct the declination — — 
Of refractiun — 
Variation of the compaſs —— — 
0 


correct the reckoning 
To prove the half mizute glaſs 
Moon's age and ſouthing 4 
Antœci, Perieci and Antipodes 
T he true ſyſtem of the world 
Paradoxes c. 
Arithmetic | 
Addition of numbers 
| Subtrattion | 
Multiplication 
Diviſion . 5 
Addition of ſundry denominations 
Subtraftion and Multiplication Do. 
Multiplication of feet and inches 
Reduction 135 | 
Single rule of thres 
; Decimal fractions 
x To meayure packages 
Square root | 
he uſe of the ſquare root 
By logarithms | 
The uſe of Gunter”s line 
Sliding gunter 
To meaſure timber 
Caſt gauging „ 
Conſtruction of the plain ſcale 


— 


—— — 
— — nora 


Is 


Ditto gunter's ſcale 


Geometry 
- Trigonometry 


Navigation 


- /ailing 


Traverſe failing 


Parallel ſailin 
Mercator s ſa 
To work an obſervation 
Variation of the compaſs 
A table of the variation of the compaſs 
Do work a day 5 
To keep a journal at ſea 
2 table of fixed ftars declinations | 
A journal of a wvoyap 
The uſe of the plain chart 
Ditto Mercator's chart 
r 
-. Golden eee 1 
| Epae, new and fu moon's 
Moon s age and ſout hing 
Higb water 
A table of latitudes and longitudes 
Atable of the funs declination 
Ditto of the fun's amplitude 
Ditto of meridional parts 


Tong ; 


A traverſe table o 


CONTENTS. 


s reckoning 


4 
7 


difference of latitude aa dun apartare 
A table of natural fines, tangents, fc. 

Ditto of logarithmetic fines, tangents, Sc. . 
Ditto 8 of numbers _ — 


. 
a * 


| +$$$$$444$$#S#S$#$4$444: 


* . 


eee $9344 634% 


+ i TD 7 


os 

7 $ 
A tos 785 IS 

Gon 4-4 $i e 

* 

4+ 


INTRODUCTION. 


ATAVIGATION is twofold, «iz. Hours and R- 


MOE; the ancients knew only the former, the 


moderns claim the invention of the latter. It conſiſts in the 
theory and art of conducting a ſhip by ſea, from one port 
to another, or of diſpoſing and actuating her machinery by 


the force of the wind, ſo as to begin and c-ntinue her motion 


at ſea. This uſeful art and admirable invention, which ix 


the fundamental conſtituent of commerce; che very ſupport 
of mankind, and ſupplies them with all the ncceflaries and 


conveniences of life, has at firſt been the production of ſome 


lucky chance: or from flight and contemptible beginnings, 
has Ly long experience, cautious obſervations, and various 


improvements, been matured, and brought to perfection. 


Inſtances of this kind are frequent and obvious, but 
none can be produced more remarkable than in the art 
of Navigation, which altho now arrived to a pitch of per- 
ſection beyond moſt other arts, by theſe ſucceſsful additions 
it has received from almoſt every age of the world, was in 
the beginning ſo mean and imperfect, that the pleaſure or ad- 


vantage of thoſe who firlt applied themſelves to it, was both 
ſmall and inconſiderable. . | 5 
Thoſe who ventured to commit themſelves to the liquid 


element, made theif* firſt eſſays in ſhallow waters, cautious 


of truſting themſelves at any conſiderable diſtance from the 
fhore; but being emboldened by repeated trials, procceded 


farther by degrees, till at length they took courage and 


launched forth into the main ocean. In this early naviga- 


tion, the maſter or pilot had the care of the ſhip, and 

vernment of the ſeamen therein, and fat at the ſtern to ſteer, 
ng to his direction; it was 
14 have obtained a perſect 
| knowledge 
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knowledge of the art of NavicaTiopn, which conſiſted 
- chiefly in theſe things. | 
| Firſt, In the right management of the rudder, fails, oars, 
and all the engines uſed in NavicaTrion. _ 
Secondly. 4 the knowledge of the winds and celeſtial 
bodies, their motions and influences. „ | 
Thirdly. In the knowledge of commodious harbours, of 
rocks, quickſands, and other occurrences of the ſca. How 
much this employment is ſimilar to the duty of the officer 
who manages the navigation in our ſhips of war, would be 
needleſs to mention 5 
As to the heavenly bodies, they were obſerved by ſailors 
on a twofold account, being of uſe to them in prognoſticating 
the ſeaſons, and as guides to ſhape their courſe. The prin- 
cipal of thoſe uſed in foretelling, were AxcTUuUrUs, Sixius, 
Ox iox, HAD ES, PLEIA DES, Cas TR and Pol ux, &c. 4 
It was likewiſe cuſtomary to take notice of various omens y 
offered by ſeafowls, fiſhes, and divers other things, as the 
murmuring of the floods, the ſhaking and buzzing noiſe 
of trees in the neighbouring wood, the daſhing of the bil- 
lows againſt the ſhore; and many more, in which all good 
' Pilots were nicely ſkilled. As to the direction in their 
voyage, the firſt practitioners in the art of NavicaTion, 
being unaquainted with the reſt of the celeſtial motions, 
ſteered all the day by the courſe of the ſun ; at night be- 
taking th2mſelves to ſome ſafe harbour, or reſting on the 
ſhore, and not daring to venture to ſea till their guide was 
riſen to diſcover their way. That this was the conſtant 
cuſtom may be gathered from VI II's deſcription of 
thoſe times. 335 er - 
Afterwards the Phcenicians, called by ſome the firſt 
Inventors of NavicaTioN, diſcovered the motions of 
ſome other ſtars, as may be obſerved by PL IN Y and Pxo- | 
PERTIUS, 5 | N 5 . 
The Pheœnicians we find to have been directed by Cy- 
NOSURA or the leſſer bear; which was firſt obſerved, as ſome 
are of opinion, by THALESs the Mileſian, who was origi- ; 
nally a Phoenician, when the mariners of Greece, as well as 
other nations, ſteered by URSA MAJOR cr the great bear. 
For the firſt obſervations of this, they were obliged to Nav- 
PLIUS, if we believe Txeox ; or according to the report 
of FLaccvus to Tirnys, the pilot of the famous ſhip 
Arco. But of theſe two we are told by Taron, the wil 
former was the ſecurer guide, and therefore was followed by "© 


the 
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che Pheenicians, who, for {kill in marine affairs, outſtriped 


not only all the reſt of the world, but even the Grecians alſo. 

The commerce, riches, and power of Tyre the capital of 
Phcenicia, are repreſented, both in ſacred and profane 
hiſtory, in lofty terms ; that country being furniſhed with 
excellent materials for ſhip building ; whence Tyre became 


miſtreſs of a numerous fleet; and her mercantile inhab1- 


tants often embarked on new expeditions, extending their 


trade and commerce; whereby they ſoon arrived at an 


extenſive pitch of opulency, and populouſneſs. Hence they 
were enabled to ſend out colonies, the principal of which 
was Carthage, which keeping up the Phoenician ſpirit of 
commerce, not only rivaled that of Tyre, but vaſtly ſurpaſied 


it, ſending her fleets through by the pillars of HencuLes, 


now the ſtraights of Gibralter, along the coaſt of Africa and 


Europe, if not to America, After ALEXANDER the great 


ſubdued Tyre, its Navigation and Commerce, were transfer- 
ed to Alexandria, a city which he had meditated and 


propoſed for the capital of the Empire of Aſia. Hence 
ſprung the Navigation of the Egyptians, long cultivated 


and improved by the ProLomies. After the battle of 
Actium, Egypt was reduced into a Roman province, and its 
Trade and Navigation, fell into the hands of AucusTvus, 
Alexandria being then only inferior to Rome. Carthage 
long diſputed empire with the Romans, at length was ſub⸗ 


dued and ſunk into oblivion, as Tyre had done before. In 
_ proceſs of time, Alexandria underwent the fate of Tyre and 
Carthage, and the fall of Rome and its Empire, drew 

along with it the polite arts, and that of NavicarTion : 


and the Barbarians into whoſe hands it fell, reſted ſatisfied 
with rioting in the ſpoils of the induſtry and wealth of their 


predeceſſors. It is preſumed that Navicaaion, with other 


polite arts, travelled eaſtward, altho we are at ſome loſs to 
aſcertain which of the European Nations, firſt undertook to 


revive the decayed ſtate of Trade, Navigation, and Commerce, 
_ ſome aſcribe it to the French, others to the Italians, but who 


ever made the firſt advances to reſtore Navigation, at preſent 


the Britiſh navy hold, an undiſputed empire over the main. 


To whom the world is indebted for the invention of ſhips 


is like all other things of equal antiquity, uncertain ; if we 


liſten to the poets, we ſhall be extremely divided in our 
opinion, among the variety of competitors, PROMETHEUS, 


 NeePTuxE, Jaxxus, ATLAS, HERCULES, JasoN, Da- 


N Aus, ERYTHRAEUS, &c. appear with ſuflicient authority 
= 3 55 to 
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to claim our affent ; but Mix ER vA, the auſpicious parent 3 
of Arts and Sciences, ſeems to have a ſuperior title, and to 
her probably with more properiety, it has been attributed by 
fame. But ſome totally reject theſe traditions, and aſcribe 
the invention fo the inhabitants of ſome places that border 
on the ſea, and ſeem appropriated by nature for harbouring 
ſhips, ſuch as the Pheenicrans, Aeginenſieus. However a 
ſmall portion of art or contrivance, was ſeen in the firſt ſhips, 
they were neither ſtrong nor durable, but confiſted only of a 
few planks laid together, without bezuty or ornament, juſt 
ſo compacted as to keep out the water. In ſome places only 
the ſtocks or trunks of trees hollowed, and then conſiſted of | 
only one piece of timber, as the American canoe. 3 
Nor was wood alone applied to this uſe, but any bouyant | 
materials, as Egyptian reeds, papyrus, or leather, of which 
the primitive ſhips were frequently compoſed, the bottoms 
and fides heing extended on a frame of thin battens or ſcan- 
tings of flexible wood, or begirt with wickers, ſuch as are 
Nill in uſe among the American ſavages. 
In this manner they were navigated upon the rivers of 
Ethiopia, Egypt, and Sabean Arabia, even in later times. | 
In a veſſel of this kind Dazvpanxvus ſecured his retreat to 
the country afterwards called Troas, when compelled by a 
terrible deluge, to forſake his habitation of Samothrace. 
But as the other arts extended their influence, naval ar- 
chitocture began likewiſe to emerge from the gloom of ig no: . 
rance and barbatiſm, and ſhips in thoſe ages increaſed: in * 
Hulk, and became better proportioned for Commerce, oven | 
down to our own times, 5 5 5 
Navi Arto among the moderns, comprehends either 
the aft of -ſeamatſhip, or conducting a ſhip by the laws 
of Grometiay upen the wide and tractleſs ocean, or both. 
By ſeamanſnip is underſtood a perfe&t knowledge, as well 
of -all the various machinery and furniture of a ſhip, as 
experience and till to diſpoſe theſe machines ſo judiciouſly, 


* 


that by a mutual aſſiſtance of each other, they may begin and g 
continue the motion of this complicated frame, according -P 


=. AE 
— 


to the different deſigns, which may be _— ot the vari- 

j. ous exigences to which it may be reduced. 1 

| It likewiſe includes the art of renewing or keeping in 
repair the inſtruments and engines, employed in all the pur. *_ 
poſes of Navigation. 1 5 
Home NavicaTion regards the piloting or guiding a 
mip along the coaſt, and can only be acquired by experience, 1 


as 


* a fhip has ſailed, from any point. 


INTRODUCTION. 5 
as it chiefly comprehends a knowledge of the reigning 
winds, the ſetting of the tides, both in reſpect to direction 
and time, the different depths of water, and the various 
forts of ground, diſcovered in different depths, as ſhells of 
many # ona fand, great and fmall, clay, ooze, ſhingle, 
gravel, ſtones, &c. by which the place of the ſhip may be 
— many times m the darkeſt night, and conſequently 
her diſtance from fome known place on the coaſt, The 


bearings of the neareſt cape, 1 or iſland, 
is always ſet by the compafs, and the diftance eſtimated ; 


which experience and attention often make the induſtrious 
ſeaman very ct in. 


The principal articles in coaſting Navigation are, obſer- 
ving the motion of the tides, ſounding often, and at all 


times keeping a good look out. 


Remote NavicaTior, is that by which we underſtand 
the direction of a ſhip's courſe at ſea, and out of fight of 


land, is founded on the principles of TRIO NOT ETER, her 


progreſs is conſequently meaſured by Geometrical rules, 


and determined by the fides and angles of a right angled 


plain triangle, in which the hypothenuſe is converted into 
diſtance ; the legs into difference of latitude and dcpar- 


ture; the acute angles into courſe, and its compliment. 


Courſe in NavicaT1on, is the point of the compaſs on 


which the ſhip ſteers, or it is the angle intercepted between 


the track of the ſhip and the meridian : which is uſually 
reckoned in points and quarters, each point 11 deg. 15m. 


or the 32d. part of the whole circle of 360 degrees. 


Departure in NavicaTi1on, is the eaſting or weſting of 


— 


a ſhip, with refpect to the meridian ſhe failed, or departed 
from. 


Diftance in Navicartion, is the number of miles or 


atitude in NavicaTion and Geocrareny, is the 


diftance of any place from the equator, in degrees and mi- 
nutes upon the meridian of that place, and is either no... 


or ſouth, according as the place is ſituated on the north or 
ſouth fide of the cquator, and this latitude cannot eaceed 
9o degrees. by | „„ 


Difference of latitude in Navicarion, is the north*: 


WR 
or ſouthing of a ſhip, with reſpect to the latitude {ied 
from JJ 8 1 
The courſe of the ſhip is known or determined b; 
eomp aſs, and as the mate or perſon at the Lehn, direct. 
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ſhip's motion by this inſtrument, it is conſequently the firſt 
thing given in the triangles. The diſtance is the next thing, 


mneaſured by the log-line, and a half or quarter minute 
glaſs. Log in haval affairs, is a triangular, or ſmall quad- 

rantal piece of board, uſed on board a ſhip, coated with 
lead along one fide, or on the quadrantal arch, to make it 
ſwim upright: this log is faſtened to a line; which line is 


wound y a reel. This line 1s generally divided into 
certain 


or ſea mile, according to an experiment made by Mr. Nox - 
woop, and with which the French nearly agree is 6129 


Engliſh feet, which being divided by 120, the half minutes 
in an hour gives 5 1 feet for the diſtance, between each diviſion 


on the log-line. 5 
Theſe diviſions or ſpaces are called knots, becauſe at the 


end of each diviſion, there is a peice of twine with knots in 
it, reeved between the ſtrands of the line, whereby the 


number of knots, run of the reel, during the half minute, 
are eaſily counted. And becauſe it is requifite that the log 
be out of the eddy of the ſhip's wake, before they begin to 


count, the knots begin at the diſtance of ten fathoms or ſixty 
feet from the log, called ſtray-line, at which point for more 


ready diſcovering of it, there is faſtned a piece of red rag. 
Having the log-line thus prepared, and wound upon a 


reel; the log is hove over board from the poop, and when 


the red rag is at your hand, let your aſſiſtant turn the half 


minute glaſs, then veer the line from off the reel, which 
_ eaſily turns as the ſhip ſails from the log, till the half minute 


glaſs is run out, at which time ſtop the line, and the 


Number of knots intercepted between. your hand and the 


red rag, will ſhew how far the ſhip has run in that time, 
and conſequently her rate of ſailing, as the diſtance between 
knot and knot, is in the ſame ratio to a nautical mile, as half 
A minute is to one hour; therefore as many knots as are 
run out in half a minute, ſo many miles will the ſhip fail 


in an hour, ſuppoſing her to move with the ſame velocity 
during that time. e e | 


*, 


But as many accidents attend a ſip during a day's fail- 


ing, ſuch as the variableneſs of the winds, the different 
quantity of ſail carried, &c. it will be neceſſary to heave 
the log at every alteration, and though none of theſe alie- 


I 


; 
| | 
| 


paces, which are or ought at leaſt to be, ſuch a 
proportional part of a nautical mile, 60 of which make a 
degree of a great circle, as half a minute, the time allowed 
for the experiment, is of an hour. This common nautical 
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INTRODUCTION. . 
rations be perceptible, yet it ought to be. conſtantly heaved, 


at leaſt once an hour. As the log line may, ſhrink or ſtretch, 


and the half minute glaſs may alter, they ought to be often 
Examined, and when tound amiſs, rectified. | 
The log board is a table generally divided into five 
columns, in the firſt is entered the hours of the day, in the 
ſecond the courſe ſteered, in the chird the knots run of the 
reel each time of heaving, in the fourth, from what point the 


wind blows, and in the fifth obſervations on the weather, 
variation of the _— &c, The log book is ruled into 
columns, like the log board, into which the account on ths 
log board is tranſcribed, every day at noon, from whence 
after it is corrected, and — off by the rules of art Kc. it 
is entered in the 22 

Thus having the courſe and diſtance given, we dilcover 


the difference of latitude and departure, by the following 


anologies ; which may be done by GuxnTERr's ſcale with 


compaſſes, or N gunter, or by logarithms, or by tables 


of natural fines, or by a good ert table, as will — 


| in the conrſe of this work. 


As radius As radius 
| : the diſtance : the ditance | 
:: fine of courſe : : ſine comp. of eourſe 
oY - : the departure. : dif, of latitude - 


Thus having found the miles of departure, by which is 


underſtood the eaſtin or weſting, from the firſt meridian, 
and the miles of no ny ſouthing or the difference of 


latitude, which operation ng performed, at every alteration 
of the courſe, on a change of wind or other accident, the 


| Whole northings, ſouthings, eaſtings, and weſtings, ſailed in 


twenty four hours are diſpoſed into four columns, and the 
lefler numbers of each claſs, ſubtracted from che greater, 


leave the number of miles north or ſouth called difference of 
latitude, and of departure eaſt or weſt, then the courſe and 


diſtance reſulting from theſe traverſes for the twenty four 


hours is diſcovered, by the following proportions. 


As diff. of latitade Andasfineof courſe 
: Gang, of radius N 
: the departure ©. 33 nmmus— 
: tang. of the courſe : the diſtance 


But if the artift in the run of twenty four hours has occaſion 


to nn. circumſtances, chat the a of the courſe 3 is 


nearer 


o* 


| 


1 INTRODUCTION. 
nearer truth than the fide called diftance, and has proved the 
accuracy of his diff. of I:Stude by a celeſtial obſervation, 


he will naturalty chooſe to find his diſtance and departure, by 
the courſe and diff. of latitude, and will then fay, 


As co line of courſe | And as radius 

: diff. of latitude | . the diſtance 

2: radius | 2: ſine of courſe 
: the diſtance : departure 


On the contrary, if the Navigator has more reaſon to rely - 


on the eertrinty of the diſtance than of the courſe, and has 
his diff. of latitude confirmed by a ſolar obſervation, he is 
then furniſhed with two fades of a right N. plain tri- 


angle, to diſcover the * of the courſe and third third fide, it 


will then be. 
As diſtance Then ſay, as radius 
: radius * diſtance | 
: diff. of latitude | | 2: fine of conrle 
— mp. of courſe : departure 


| which tubcracted from go deg. gives the angle of the courſe. | 


But if a ſhip has ſailed between the meridian and parallel, 


that is any where on an angle between the four cardinal | 
points, and is pretty exact in her courſe, as alſo in the miles 
of eaſting or weſting ſhe has made, called her departure, 


although the diſtance ſhe has run is not aceurately determined, 
nor is her difference of latitude aſcertained, then may the two 

latter (wiz) the diſtance and diff. of latitude be diſcovered 
by having the courſe and 3 given, thus, 


As ſine of courſe As tangent of SPY 
* ge 3 : departure | 
: radias | : tangent of radius 

: the diſtance : diff. of latitude 


Laſtly, If a ſhip * failed a Ca diſtance till the line 


of her departure is likewiſe aſcertained, and it be required 


to find the courſe ſhe has ſteered, and the diff. of latitude ſhe | 
has made, then the diſtance and departure being given, the 


proportions are, 

For courſe, * or diff. of latitule, 
As diſtance As tang. of the enn 
: radius 1 8 K 

:: departure : tangent of radius 


: fine of courſe : diff. of latitude 
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is equal to her . eee 
Longitude in Na vie Ar rox, is the diſtance 2 
place, from ſome firſt meridian, counted in 


the meridian of the place, and firſt meridian. 


_ quantity of time that the fun requires to move atly 
from the meridian of one es that oF the adware 
the language of thoſe who mentain the PrTRHROoOCREARC 


INTRODUCTION. 9 
Having the latitude ſailed from, and the diff. of latitude 
to find the latitude ſhip ; obſerve that in north latitude ſail- 
ing northward, and in ſouth latitude err the 
dif. of latitude is an increment, and muſt added to the 


| latitude failed from, to obtain the latitude ſhip. 


But in north latitude ſailing to the ſouthward, and in 
ſouth latitude failing to the northward, the diff. of latitude is 


| a decrement and muſt be ſubtracted from the latitude failed 
from, to obtain the latitude ſhip; alſo if you are near the 


equator in north latitude, and fail to the fouthward, or in 
fouth latitude and fail to the northward, until the diff. of 
latitude exceeds the latitude failed from; you ſubtract the 


latitude failed from, from the diff. of latitade, and the refidue 


is the latitude of a contrary name to that failed from, for the 
ſhip has croſſed the equinox, and changed her4atitude. 
As the meridian of the place ſailed from, is always one 

leg of a right angled triangle in failing, and a parallel of . 
latitude the other, it follows, that if a ſhip ſails on one of the 
cardinal points no triangle is formed by her diſtance, hence 
if a ſhip fails due north or ſouth, the diſtance is equal to the 

diff, of latitude, and if ſhe ſails due eaſt or weſt her diftance 


or 
d in degives of the 
Squator ; or it is an arch of the equator intercepted between 


"Ry 
to an 


The Gif. of longitude of any two places, is equal 
arch of the equator, intercepted between the two meridians, 


paſſing through the two places ; which is analogous to the 


ſyſtem, the time that elapſes between the application of the 


meridian of one of the places to the ſun, and the meridian 


of the other: for ſince the ſun finiſhes his apparent diaznal 


* Fevolution in twenty four hours, or, which is the ſame thing, 


fince the revolution of the earth about her axis, is perform- 


ed in the ſame time, it follows that in every hour, there 


paſſes over the meridian, one twenty fourth part of 360 
degrees, or of the whole circumference of the equator, equal 
to fifteen degrees; whence it follows, that if the diff. of 


_ longitude, or arch of the equator, intercepted between the 


meridians, paſſing through any two places, be known; the 
difference of the times of the day in theſe two places is known 


_ alla ; conſequently the hour in one place being known, the 


' 
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10 INTRODUCTION. 


hour in the other place is known alſo. And on the contra- 
th if the difference between the times of the ſun being on 
e 


meridian of an any two places be known, the diff. of lon- 
gitude between th 


rate of fifteen degrees to one hour. 

As all the meridians cut the equator at right angles, and 
from thence — gradually, ſo as to meet in the two 
poles, it evidently follows, that the eaſting or weſting, in 
every different parallel of latitude will vary, from the equa- 
tor to the poles. Hence it follows, that as we count the 
ſame number of degrees of longitude in every parallel of 
latitude, the miles that make a degree of longitude in every 


parallel of latitude, will be variable, from ſixty miles at the 


equator, to nothing at the poles. 
The miles that make a degree in every, or in any, paral- 


lel of latitude, may be found by this anology. 


As radius or fine god. : 6011. at the equator : : the fine 


comp. of any latitude : the miles that make a degree 1 in 


that latitude. 


This theorem is founded upon the direct proportion of the 
peripheries of circles to their radii, or ſemidiameters: and 


is the key to the ſeveral caſes of parallel failing, thus, 


Caſe 1ft. Having the parallel of latitude failed in, and the 


parallel diſtance, to find the difference of longitude, the pro- 19. 


portion is, 


As fine comp. of the latitude : the parallel diſtance 
:: radius: to the difference of longitude. 


_ Caſe 2d. Rig che diff. of longitude and latitude failed 
in; to find the parallel diſtance, ſay, 


As radius : the diff. of longitude 
: ſine comp. of latitude : parallel diſtance, 


Cobb ad. Hein hetd DE. of lngionls of ras hom, 


and the parallel diſtance given; to find the latitude of * 
panalld, ay, 


As difference of ide : radius 
parallel diftance : fine comp. of latitude. 
Which ſubtract from 90 degrees, leaves the latitude. 


Caſe 4th. Having tv two latitudes, and the parallel diſtance 


in one given; to find che 3 diſtance in the othcr 
| latitude, ſay, 


two places is known alſo, by reducing 
the dilference of the times into degrees and minutes, at the 


As 
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As fine comp. of the latitude in which the diftance is 
given : that diſtance : : ſine comp. of the other latitude 
: the parallel diſtance in that other latitude. 


Caſe 5th. Having two diſtances in two different parallels, 
and one latitude piven ; to find the other latitude, fay, 

As the diſtance in the given lat.: fine comp. of that lat. 
: the diſtance in the required latitude : the fine comp. of 
that latitude ; which being ſubtracted from go degrees, is 
the latitude required. 


Thus we have gone through the fix caſes of plain failing, 
and five of parallel ſailing ; the former of which are exactly 
fimilar to the method of working by MEercaTtor's 


 CrarTs, which ſuppoſes the degrees of latitude to be 
protracted in the ſame ratio, as the degrees of longitude are 
diminiſhed, in their approaches towards the poles of the 


earth; therefore this extenſion of the degrees of Jati:ude, 
and conſequently of the difference of latitude, between an 


two places, is called the meridional diff. of latitude, 


and is found by _ the meridional parts, of any two 


places fron a table calculated for all parallels, and ſubtracting 
the leſſer from the greater number, if they are both fituated 
north or both ſouth of the equator. But if one place be 


north and the other ſouth of the equator then their meridio- 
nal diff. of latitude is found by adding their meridional 
parts, whence, ; 68 Ls 5 e 
Caſe iſt. Having the latitudes and longitudes of two 
pre given; to find the courſe, diſtance, and departure, 
7 As meridional diff. of latitude : tangent of radius 
: : diff, of longitude : tangent of the courſe. 


2d. As the fine comp. of courſe : real diff. of latitude 
| <2 radius : the diſtance. 1 5 | 


3d, As radius: diftan:e : ; fine of courſe 
: the departure, | 


Caſe 2d. Both latitudes, vir. that ſailing from, and that 


% 


coming to, being given with courſe ; to find diſtance, de- 
parture, and the diff. of longitude. ü 


if. As fine comp. of courſe : diff. of latitu le 
rr 5-2 
. zd. As 
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| 2d. As radius : the diſt, : : fine of courſe : departure 


3d. As 1 radius: meridonal diff. of latitude 
: tangent of courſe : diff. of longitude. 


Caſe 3d. Both latitudes and diſtance failed, being given; 
to find dire courſe, and diff. of longitude, 
As diſt. : radius :: diff. of lat.: ſine comp. of courſe, 


which ſubtract from go gives the courſe. 
As fine comp. of courſe: meridional diff. of latitude 


: fine of courſe : the diff. of longitude. 


Cafe 4th. Both latitudes, and departure siven; z £0 find 
7 courſe, diſtance, and diff. of longitude. | 


1ſt. As the real diff. of latitude : departure 22 the 
meridional diff. of Menus : the dif. of longitude. 


2d. As diff. of latitude : tangent of radius 45 deg. 
: the departure : tangent of the courſe, 
zd. As line of courſe : departure : : radius: diſtance, 


| Caſe 5th. One !atitude, courſe, and diſtance failed, given 3 
to find the diff. of latitude and diff. of 6 | 

© radius: the diſtance 7 
: ſine comp. of the courfe : diff, of latitude, 


Hence it is eaſy to find the meridional diff. of Iatrude, 
and — b e for the diff. of longitude, is, 


t radius: meridional * ff. of latitude 
— * : the diff. of longitude. 


Caſe Sth. One latirude, courſe, and departure given; te 

find the other latitude, diſtance failed, and diff. of longitude, 
1ſt. For the diſtance, the proportion 1s, 

As ſine of courſe ; departure : radius: the Ciſtance, 


2d. For the proper diff. of latitude, this sieg. 
As tangent of the courſe : departure : : * of radius 
: the real diff. of la:itude, „ 


3d. For the diff. of longitude, this will do, . 
As . of: radius: meridio nal diff, of latitude. 


e of the courie : diff. of longitude. 
5 Caſe 7th, 
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INTRODUCTION. 1 
Caſe 7th. One latitude, diſtance ſailed, and departure 
given; to find the other latitude, courle, and diff. of _ 
tude. 
1. For the courſe, fay, 
As diftance : radius: departure: : fine of the cour e, 
2d. For d ff. of latitude, the analogy is thus, | 
As radius: dift2ece : : ſine comp. of the courſe : diff. 


of latitude : whence the meridional diff. of gs may be 
found. 


34, For the diff. of longitude, ſay, 


As ſine comp. of the courle : meridional diff, of latitude 
: fine of the courſe : the diff. of longitude. 
Caſe 8th. One latitude courſe, and diff. of longitude 


105 to find the other latitude, and diſtance, 


1ſt. For the enlarged diff. of latitude, ſay, En 
As tangent of the courſe : the differeuce of longitude 
: tangent of radius: the meridional difference of latitude. 
Then applying the meridional difference of la: itude to the 
meridional parts of the given latitude, we get the meridional 
parts of the required latitude correſponding, to which in the 
table of theſe parts take out the other latitude, by means 
whereof we obtain the real difference of latitude. 
2d. For the direct diſtance ſailed it is, 
As fine compliment of the courſe : true diff. of latituZe : 


radius : the direct diſtance failed. 


In the ſolution of all theſe problems of plain or mercator's 


Hiling, there is one univerſal axiom or fundamental truth, to 
which we may refer for ſtating the proportions according to 


art, vix. in all caſes, if either of the legs, (the diff. of latitude 
or departure) be made the radius of a circle; the other 1: 
will be a tangent to its oppoſite angle, and the bypothenuſc 


or diſtance will be a ſecant, to that ſame angle. 


But if the diſtance be made the radius of a circle, then | 
will the legs be fines of their oppoſite angles. A general 
rule to find a fide, the proportion begins with an angle, but 


| to find an angle, begin with a ſide. 


Although this method, called MexcarTor's, of find: ng 


che diff. of longitude, correſponding to any two different 
latitudes, is more exakt, et we may not wholly neglect a prac- 


tical method, which although not fo ſtrictly true, will in 
many caſes of a day's run, not err above a mile, and that 1 is 


deduced from parallel ſailing, called middle latitude. 


The general proportion for the diff. of longitude, bs 
As 
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As fine comp. of middle latitude : departure : : iadius 
But if both latitude and longitude, of the place failed 
: the diff. of longitude. 
from, and bound to, be given, ſay thus, 
_ Iſt. As radius: diff. of longitude : : fine comp. of the 
middle latitude : the departure. 
For courſe. As diff. of latitude : tangent of radius 
:: departure. : tangent of the courſe. Whence the diſtance 
is eaſily found. | 
VM. B. The middle latitude is found by taking the half 
fum of the two latitudes ; and its compliment, by ſubcract- 
ing that half zum from go degrees. | | 
To keep an account of a ſhip's longitude at fea hy deal 

reckoning, it will be neceſſary to premiſe, that we ſhall begin 
longitude at that meridian which paſſes through London; 
_ reckon to the weſtward, weſt longitude; and to the eait- 
word caſt longitude, to 180 deg. where the two accounts 
meet in the meridian oppoſice to that of London. Hence in 
eaſt longitude failing to the eaſtward, and in weſt longitude 
failing to the weſtward, the diff. of longitude is an increment 
of longitude, and adds to the longitude of the place failed 
from, to get the longitude ſhip. But if the ſum of the 
longitude failed from, and the diff. of longitude exceed 

180 degrees, you may ſubtract that overplus — 180, and 
the remainder is the longitude ſhip, contrary in quality to 
the longitude failed from. 5 5 . 
Again in eaſt longitude ſailing weſtward, and in weſt 
longitude failing eaſtward, the diff. of longitude is a decre- 
ment, and ſubtracts from the longitude ſailed from, to get the 
| longitude ſhip. But if the diff. of longitude exceeds the 
longitude ſailed from; ſubtract the leſs from the greater, and 
the remainder is the longitude ſhip of a contrary quality to 
the longitude failed from, for in ſuch caſe you have croſſed 
the firſt meridian. „ 
Having che lorgitudes of two places to find their diff. of 
longitude. If the places are both in eaſt or both in weſt 
longitude, ſubtract one from the other, and the difference is 
the diff. of longitude, but if one place be in eaſt and the 
other in weſt longitude, their ſum is the diff. of Jongitude -if 
under 180 deg. if mare than 180 deg. ſubtract it from 360 
deg. and the remainder is the difference of longitude, _ 
bh 5 we conclude mercator's failing, it may not be im- 
c 1 to ſhew by what artifice MERCATOR or WRIOGHT 
has augmented the meridian line in theſe charts, which is 
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INTRODUCTION 8 
As radius or ſine go deg. : the miles that make a degree 


any latitude : the miles in a degree in that latitude. 

Thus may a table of meridional parts be conſtrued to 
every degree of latitude from the equator as far as you pleaſe, 
by a continual or ſucceſſive addition of proportional ſccants, 
found to every degree, which we ſhall omit at this time. 

Hence an account of a ſhip's way upon the ſeas, may be 


kept by means of courſe and diſtance, and the latitu e and 


longitude found at any propoſed time, which method is ab- 
ſolutely true in theory; but the practice is diiſicult from the 
following obvious reaſons (viz) the courſe can ſcarce be had 
to a quarter of a point; and the diſtance at beſt is a little 
uncertain, as a ſmall error cannot be caſily dricovercd ; alto 


there may be currents unknown, that in many cafes cannot be 


tryed or determined, nor can the exact leeway that a ſlip 
makes many times be diſcovered to a quarter of a point; 
theſe things in conjunction with the variation cf the magne- 

tical compaſs ſteered by, make it extremely neceiiury to have 


_ recourſe to ſome other more infull:vle guide, as a check 


or regulator of the aforeſaid imperfections. This the in- 


duſtry of man has accompliſhed in reſpect to latitude, at ſea, 


of latitude at the equator {wiz) 60 miles :: the ſecant of 


by means of celeſtial obſervations of the fun, when on the 


meridian. „„ „ 
So that various inſtruments have been contrived, and ap- 


above the horizon at mid-day, but none 1s equal to that curi- 
ous and uſeful quadrant or rather octant, the invention of 


plied by artiſts, for getting, or taking the ſun's altitude 


our Countryman Mr. Ha DLE, called Hadley's Quadrant; 
which is now become of general utility on board all veſſels 


any day at noon, if you can but ſee the ſun, and a horizon, 


either to the northward or ſouthward. 


. N in the foreign trade, as by it the ſun's al:itude may be found 


Therefore, in order to underſtand the nature of obſerva- 


tions of the ſun's meridian altitude, and the latitude thereon 
depending, it may be premiſed, that the elevation of the- 


pole, is equal to the zenith diſtance of the equinox, and 


alſo equal to the latitude of the place, For if we conceive 


ourſelves at the equator, the equinox will be in the zenith, 


and both poles in the horizon. 'Then if we move north- 


ward or ſouthward, ten or twenty degrees, it is evident tha: 
we raiſe the north or ſouth pole, ten or twenty degrees, an 
at the fame time our zenith receeds ten or twenty degrees 


from the equinox, 


— *: 
* » 
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Whence it follows that when the ſun is in the equinox» 
his zenith diſtance upon the meridian of any place is the lati- 
tude of that place. But as this phenomenon happens only 
twice in one year, it becomes neceſſary to have recourſe to 


the ſun's declination at all other times, which is to be applied 
to the obſerved ſon's zenith diſtance, or compliment of the 


altitude on the meridian, to attain the latitude of that 


R | | | 
1ſt. If the ſun be obſerved ſouthward, with ſouth decli- 
nation, or northward with north declination, the equinox 


will be between the ſun and zenith; therefore ſubtrat the 


declination from the obſerved zenith diſtance, and that 


difference is the latitude; contrary to the declination, with 


reſpect to north or ſouth. 


2d. If the ſun be obſerved on the meridian ſouthward 


with north declination, or northward with ſouth declination, 
the ſun will be between the equinox and the zenith, therefore 
add the declination to the zenith diſtance, and that ſum is 
the latitude of the ſame name as the declination, with re- 

ſpect to north or ſouth. 1 | 


3d. If the ſun be obſerved on the meridian northward, or 
ſouthward ; when the declination exceeds the zenith diſtance, 


the zenith will then- be between the ſun and equinox, and 


the difference of declination and zenith diftance, is the lati- 


tude of the ſame name as the declination. 1 
N. Z. This third caſe can never happen but when you 


are between the tropics of Cancer and CaPRICORN, 
between the latitude 23 degrees and a half north, and 23 de- 


grees and a half ſouth. 


four hours, below or under the pole, then the equinox on 
that fide is under the horizon you obſerve from, and the 


compliment of the ſun's declination added to the ſun's alti- 
tude ſo obſerved, is the latitude of the ſame name as the 


declination. 


Theſe four, are all the variety that can happen, except __ 
ſun ſhould be obſerved in the zenith, and then the latitude 
is equal to the ſun's declination north or ſouth, 2 g 


to the ſeaſon. The two firſt caſes are general, the third an 
fourth are peculiar to the torrid and frigid zones only. 


Since the Sun's declination is ſo extenſively uſeful in ob- | 
taining the latitude, by obſervation ; it is to be found in 


4th. It may happen that failing far north or far ſouth 
within the arctic or antarctic circles, that the ſun's meridian 
altitude, may be obſerved, when it does not ſet every twenty 
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many annual productions called almanacks; and in books 
of Navigation done by various authors, yet that our young 
navigator may not be totally ignorant. of the ſun's declinati- 
on, what it is, and how to find it, we ſha!l ſubjoin the follow- 
ing remarks. _ boo 7 

iſt. The ſun's declination is its diſtance from the equator 
in degrees and minutes, and can never exceed 23 deg. 29 
min. north or ſouth. 

2d. The ſun's declination is north increafing from March 
21K. to June 21ſt. then it is north decreaſing till September 
the 22d. then its declination is ſouth increafing till Decem- 


ber the 21ſt, and from that time it is ſouth decreaſing till 
March the 21ſt, _ | 


3d. The ſun's declination depends entirely on his place in 


the ecliptic, ſo that in the firſt of Ar1Es it is o. then in- 


creaſes thro' Ax I ES, Tau us, and Gimir1, being 23 deg. 
29 min. north, when in the firſt ſcruple of Cancer, then 


it decreaſes as it apparently paſſes thro Cancer, Leo, and 


Vi o- Its declination is again o, when it enters LI BRA, 


hence the declination becomes ſouth, increafing as it 


apparently paſſes thro LI RR a, ScoRP1o, and SaciTARIUS; 
being 23 deg. 29 min. ſouth, when it enters the tropical 
ſign CaPRICoRNuUs, then it decreaſes as it appears to paſs 


through Cayricornus, AqQuaR1Us, and PisSCIEs. 


4th. The ſun enters Arits, March the 2oth. or 21ſt. 


Tavzvs April 2oth. Giwmirxi May 21ſt. Cancers June 


21ſt. Leo July 23d. Virco Augult 23d. Li1ska September 
23d. ScorP1o October 23d. Sa iT ARIUuS November 22d. 
Cayzrcornvs December 21ſt. Aquarius Jangary 20th. 


P1scies February 19th. 


5th. Whence the ſun's place is eaſily found for any time 


| propoſed; by taking the difference between the propoſed 
day, and the day of the ſun's entrance into the ſign of that 


month; and note if the propoſed day be greater, that dif- 


ference is the degree of the ſun's place in that ſign, but. if : 
leſs, the compliment of that difference to 3o is the degree of 
the ſun's place in the preceeding ſign. Thus, if the ſun's 


place were required the 2gth. of May. As the fun enters 


_ Gimini the 21ft, 29—21==8 *.* the ſun's place is Gimainy 
8 degrees, again if the ſun's place were required the 12 of 
Auguſt, as the ſun enters VIX GO Auguſt the 23d. it follows 
that 233—12==11, and 30o—11==19 *.* the ſun's place is in 
the preceeding ſign wiz, in LEO 19 deg. which was required, 


C 3 th. Having 
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to that longitude. 


— 


rere 
Sch. Having thus previouſly ſound the ſun's place an 

day; the following ives the ſun's — . 
As radius: fine of the ſun's diſtance from the neareſt equi- 


 noQal point Artes or LLiBra : : fine of the ſun's ſt 


declination: the ſine of his preſent declination at the time 
© 7th. We have heretofore obſerved, and given rules to find 


the latitude at fea, by applying the ſan's declination to the 


obſerved zenith diſtance, or ſun's meridian altitude, which 
rules would be accurately true if the obſervations were made 


in or near the meridian, for which your tables of declination 
were calculated, | 


8th. But as our navigator may happen to be much to the 


_ eaſtward or weſtward, we think, we have a right as our duty 


to apprize him of a conſiderable error in uſing thoſe tabular 


Aeclinations, and the farther from the meridian, the greater 
is the error, which may poſſibly amount to 10 or 12 miles in 


ſome caſes. 9 | 1 

gth. The pointing out an error, plainly infers the neceſſity 
of a correction, which may be thus effected at any time when 
you obſerve, in any 3 N 
Ioth. To correct the ſun's declination, to any remote 


| longitude eaſt or weſt, take out of your tables of the ſun's 
declination, the daily difference of declination at that time. 


Then ſay, EO g ; 
lith. As 360 ag : daily difference of declination : : 


the longitude in, reckoned from the meridian of your tables: 
a proportional part of declination. 


12th. This proportional part thus found is ſometimes an 
Increment and augments the declination, and ſometimes it is 
a decrement and diminiſhes the declination, as follows, - 
13th. In weſt longitude with declination increafing, and 
in caſt longitude with declination decreafing, the propor- 


tional part is an increment, and adds to the dechnation of 


that day in your tables to obtain the corrected declmation to 


that longitude. 


4th. In weſt longitude with declination decreaſing, and 
in caſt longitude with the declination increafing, the propor- 
tional part is a decrement, and ſubtracts from the tabular 
declination of that day to obtain, the declination corrected 
Here we ſhall remind our young obſerver that in order to 
obſerve with accuracy the ſun's meridian altitude, 
That 
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That the height of the eye of the obſerver above the ſurface 


of the ſea makes the obſerved altitude a little too great, as in 


If the height of the eye be 4 


00 E N 8 


Therefore theſe numbers are 7 be dedufted from the 
obſerved altitudes in the fore obſervation, to get the true 
altitudes, as to that part. > | 
As it is moſt convenient, when exactneſs is . ape in ob- 
ſerving the ſun's altitude, to obſerve the under or upper 
limb of the ſun touching the edge of the ſea in the horizon, 
then in the former caſe, the ſun's ſemidiameter, or ſixteen 
minutes is to be added, and in the latter to be ſubtracted 
from the obſerved altitude, to have the true altitude of the 
ſun's center in that reſpect. 5 | 
Again, another correction of the ſun's obſerved altitude 
ariſes by reaſon of refraction of the rays of light in their paſ- 

ſage through the atmoſphere, or body of air ſurounding the 
globe, by which all diſtant objects, as the ſun, moon, c. 
are made to appear higher above the horizon than what they 
really are; whence the altitude taken by the quadrant is 
called the apparent altitude, and muſt have the refraction 
ſubtracted from it, to produce the true altitude. 

N. B. Of all refractions the horizontal will be greateſt, 
for refraction gradually decreaſes from the horizon to the 


zenith, where it entirely vaniſhes, or ceaſes to exiſt. | 


| | . . 
The refraction angles to be allowed 1 | 24 
at the ſeveral altitudes of the ſun, are, | 2 18 
The horizontal refraction 33 minutes, 345 | I 4 
| | | | 4 1 
NERD 35 1 
Sun's apparent altitude in degrees. 1 
| 181 
12 8 
1 
1 
14 
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An example will make the aforegoing deductions plain 
and clear. 

Suppoſe the ſun's meridian altitude be obſerved 40 feet 
above the ſea, by its upper limb, 38 deg. 37 min. query the 
true altitude after all deductions? | | 

| | | . 

+ 1ſt, The apparent altitude - - 38 37 
height of the eye 40 feet dip ſubtrat - - - 8 

—_— __ »» 
refraction at 38d. 37m. ſubtrat - - - - - +3 
„ 5 N 
ſun's ſemidiameter ſubtralt - 16 
the ſun's true altitude - - - - - 38 12 


What is meant by refraction, may partly be illuſtrated, by 
that familiar experiment, of a baſon with a flower in its 


bottom, and water poured upon it. Thus, | 


Set the empty baſon upon a table or ſtand, and if the ſpec- 


tators look into the baſon, then each withdrawing, ſo that 
they inſtantly looſe fight of the flower on the bottom by the 
interpoſition of the fide or brim of the baſon, whence direct- 


ing all to reſt ſteadily, let water be poured into the baſon, 


and every obſerver will inſtantly ſee, the flower and the bot- 
tom of the baſon, apparently raiſed by refraction of the rays 
of light paſſing through a medium (as water) of a different 
denſity from air. Laſtly, there is another optical defect at- 


tending the apparent altitude of objects above the horizon, 


taken by an inſtrument, and that is the parallax, or the dif- 


ference between the apparent place of an object viewed from 


the earth's ſurface; and its real place, if viewed from the 
earth's centre, the effect of parallax like that of refraction is 
greateſt in the horizon, and vaniſhes in the zenith ; but their 
effects are in other reſpects contrary, for objects are raiſed 
higher than their true place by refraction, and depreſſed lower 
than their true place by parallax, but the ſun's parallax is roo 


ſmall, by reaſon of his great diſtance from the earth, to 


affe&t his altitude, in an obſervation thereof for the 
latitude. | „ | 


But parallax conſiderably affects the altitude of the moon, 
near the horizon, by reaſon of her nearer diſtance to the 


earth, han that of the ſun; ſo that her horizontal parallax is 
ſometimes more than a degree, 8 


N. B. 
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V. B. If you obſerve in the night by a known ſtar; the 
rules are the ſame for applying the ſtar's declination ; to its 
zenith diſtance, to obtain the latitude; alſo the ſtar's 
declinations vary little in an age. A 5 

There is an imperfection in all magretical compaſſes, call - 
ed by navigators the variation. For altho' the compaſs in 
its greateſt perfection, has, by means of the magnetical vir- 
tue a certain tendency northward; yet in moſt places there 


is a ſenſible deviation from true north; ſo that there of courſe 


ariſes a diſtinction between the true and magnetical north, 
and — diſtinction extends itſelf to all the other points of the 
compals. 55 Fn el oy 
| The variation of the compaſs is in ſome places weſtward, 
and in others eaſtward, that is the north point of the com- 
_ pals in ſome places ſettles, or when at reſt, points to the weſt- 
ward of the true north point of the horizon ; then it is ſaid 
to have weſt variation there; which is the preſent caſe in the 
| britiſh channel, and over moſt part of the atlantic ocean. 


8 


But when the north point of the compaſs ſteered by, ſettles or 


points to the eaſtward of true north, then it has eaſt variation; 

and this was the caſe here, about two centuries ago. | 

Hence 1t appears that the variation of the compaſs, 1s not 
only different in different places, but alſo variable at the 


ſame place at different times; yet there are ſeveral infallible 


methods of finding it in any place at any time; either by 


land or fea. The moſt practical method at ſea is by an am- 
plitude of the ſun at riſing or ſetting.  _ og 
The ſun's true amplitude at riſing or ſetting, is an arch of 
the horizon contained between the ſun at riſing or ſetting, 
and the eaſt or weſt point of tne horizon; and may be found 
by the following analogy. © oY | 
As fine compliment of the latitude : radius or ſine go deg. 
: : fine of the ſun's declination : the fine of the ſun's true 
amplitude, which amplitude is north or ſouth from eaſt or 
_ welt according as the declination is north or ſouth. < 
The magnetical amplitude is alſo an arch of the horizon 
contained between the ſun at his riſing or ſetting, and the 
_ eaſt or weſt point of the compaſs ſteered by; and may be 
found in the morning or evening, when the ſun is about 
five or fix degrees high, with an azimuth compaſs. Þ 
Then note, that if the two amplitudes agree, which is but 
ſeldom, there is in that place, at that time, no variation. 
But if they differ, as will often happen, that difference 
rightly counted is the true variation. Therefore, : 


The 
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The tws amplitudes being found, reckon both from the 
north, then the rule is, | 


At ſun riſing ; Ma Tuer 1 amplitude greateſt 


G NET IC AL. 


the variation is | 7 1 but at the ſun ſetting, 
West, | 

| EasT. 

It follows now that we inform our young navigator, how 
to caſt the variation, and aſſign the true courſe from the 
compaſs courſe. In order to which you muſt reckon your 


it is 


in the SW and SE quarters from the ſouth. 


you ſail into the NE or S W quarters, ſubtract the variation 
from the compaſs courſe, and you-will obtain the true courſe. 
But if you fail into N W or SE quarters with eaſt varia- 
tion ſubtract the variation from the compaſs courſc, and 
failing into the NE or S W quarters, add the variation to 
the ccmpaſs courſe for the true courſe. | „ 
Or by the following method you may eaſily allow for the 
variation. Thus, x | | 


is juſt the contrary. 85 


eaſt and ſouth weſt quarters, and ſubtracts in the north weſt 
and ſouth eaſt quarters, eaſt variation juſt the contrary, or 


compaſs ccurſe; but in eaſt variation it is to the left. 


compaſs between the ſouth, and that point the ſun is on, is 


netical meridian; but eaſt if the ſun be to the eaſtward of the 
ſaid meridian, - 

The variation of the compaſs may be thus found at ſea, 
independent of both latitude and declination, 


Take 


courſes in the N Wand N E quarters, from the north, and 


Then if you fail into the NW or 8 E quarters, with weſt 
variation, add the variation to the compaſs courſe; but if 


In veſt variation, looking forward towards the ſhip's head, 
_ the variation goes to the left hand, and the true courfe is to 
the leſt hand of the compaſs courſe; but in eaſt variation it 


* having the true courſe given to find the compaſs 
Variation weft adds to the true courſe in the north__ 
in weſt variation the true courſe is to the right hand of the 
N. B. If you obſerve carefully by an azimuth compaſs 
what point or degree the ſun is upon at mid day when you 
have the beſt, altitude on your quadrant; the degrees on the 


the variation, weſt if the ſun be to the weſtward of the mag- 


_—_ 
* 
* * 
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Take wich your quadrant the ſun's altitude at any time 


in the forenoon, when it is under 30 degrees high, which 


note down, and let an afiflant zt the ſame time note the 


ſun's azimuth, or point of bearing from the ſouth in degrees 
and minutes, or p ints and quarters, which alſo note down, 


then in the afternoon obievre with your quadrant when the 


ſun is the ſame height; your aſſiſtant then alſo noting down 
the points and quarters of the ſun's zz1muth or bearing from 
the ſouth, then as it is evident that the ſun at noon or mid 


day was on the middle point, between the morning and 


evening azimuths, therefore the diſtance of tha: point from 


ſouth by your compaſs is the variation, welt if che middle 


point be in the ſouth weſt quarter, but eaſt when that point 


is in the ſouth eaſt quarter, thus if the ſun ſhould be obſerved 
ſouth eaſt in the forenoon, with 20 degrees altitule, and that 


ſame day in the afternoon be obſcrved weft ſouth weſt wich. 

the fame altitude, then the arch intercepted between the two 
obſervations is 10 points, the middle point is 5 from each, 
and that makes ſouth by weſt for the ſun's azimuth that daß 


xt noon, or when his altitude was the greateſt; bence the 
variation there is one point welt, as the middle point falls in 
tue ſouth weſt quarter. 5 


As it often happens at ſea that the courſe a ſhip lies up 
too, is not her true courſe by reaſon of the leeway or fall the 


ſhip makes when cloſe hauled, or upon a wind, and this fall 


or leeway is variable, according to the force of the wind; fo 
that when the breeze will allow you to carry all ſails, and the 


ſhip lies up to fix points from the wind, the fall or leeway 
will be one point; if it blows ſo hard as tg take in the ſmall 


ſails, then the leeway is one point and a half, when it blows 
ſo hard as to reef topſails, its common to a'low two points 


leeway ; both topſails in and a fea three points leeway ; as 
the gale grows voilent ſo that you are obliged to troy under 


a main fail and a mizen, there will be four points leeway ;_ 


under a main fail only, five points; under a mizen only, fix 
points; and if you he a hull, all ſails furled, the uſual allow- 
ance is {-ven points leeway. If the leeway and variation 


both go to one fide, you allow their ſum; but if they go 
againſt other, or to contrary ſides, if they be equal they ba- 
lance, and the courſe ſteered is the courſe made good; if 
they be unequal, you allow their difference to the ſide that 


the greater part goes to. 


If your ſtation on board of a veſſel bound to a foreign 


port, be ſuch as may require you to keep an account of the 


ſhip's 


* 
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ſhip's way, or if you are inclined to do it for your own ſatis- 
faction, amuſement, or inſtruction; it will be neceſſary to 
have log- lines properly divided, with ſufficient length of 
ſtray line, a number of logs, and ſeveral half minute glaſſes, 
a log- board, ſcale and compaſſes, or Gunter's ſliding rule, 
and a book with a good traverſe table; a good chart of the 
coaſt you ſail from, and of that you are bound o; alſo a 
book properly ruled, and fitted for your ſea journal. 5 
If you intend to heave the. log every hour, one page ofa 
quarto book will hold one day's work, but if you heave the 
log but once in two hours, as is the practice out of M bie- 
Loaven, one page of a quarto book will hold two days work. 
The firſt column on the left hand fide of every page is for 
hours, the ſecond for the courſes, the third for knots, the 
fourth half kvots, the fifth for winds, and the reſt of the page 
for tranſaQtions or remarkable occurrences · Alſo you muſt 
obſerve between the firſt and ſecond day's work on each p 
to rule out two lines acroſs the page, and theſe are to b 
divided thus, the firſt to the left hand fide is for courſe correct, 
the ſecond for diſtance that day, the third for the northing, 
fourth for ſouthing, fifth for eaſting, ſixth for weſting, 
ſeventh for latitude per account, eighth for departure, ninth 
for dif. of l-ngitrude, and the tenth for longitude ſhip, 
Hheing thus prepared, when ycu know the latitude and 
longitude of that cape, headland, port, or iſland, that you 
are to take your departure from; and alfo the latitude, and 
Jongitude of the cape, headland, or port, you are bound to ; 
if you are bound from Europe to America, you may compute 
pour courſe, diſtance ana departure, then ſpread before you a 
good mercator's chart of the ocean between the two ports; 
and by laying a ruler over the two ports, you will ſee how 
your computed courſe agrees with the draught; and alſo 
you mutt carefully obſerve if there be any iſlands, banks, or 
rocks in your courſe from port to port, and if no land or 
other impediment interfere to obſtruct your paſſage, you 
may make bold to ſteer your true courſe, but if you find b. 
__ your chart that land, iflands, rocks, or banks, lie in yor 
courſe, then you muſt ſhift your ruler, keeping one end clo! 
tao the port ſailed from, moving the other part clear of a' 
iſlands, rocks, banks, &c. obſerving carefully, by your cha, 
what courſe will carry you, clear of the iſlands &c. regardir, 
the latitude and longitude of ſome point in that courſe, 
breaſt of the iſland. &c. then yo» may ſteer that courſe un. 
you get into the latitude and longitude of that point obſerve 


+ - 
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ſo proceeding from thence to your intended port, or to the . 
next latitude and longitude that you apprehend it neceſſary 
to ſail to, and by this method yeu muſt proceed until you 
$5 arrive at your deſigned port. 1 
Baut it frequently happens, that at ſea you cannot keep the 
ip to your kyown courſe,” by reaſon of contrary winds; ſo 
that, it becomes abſolutely neceſſary to know at all times 
what way you fail, and how far on every different courſe, 
both when you can ſtand on your true courſe, and when 
you are obliged to deviate from it by contrary winds, hence 
it becomes expedient once in twenty four hours, or oftner, to 
' redure the ſeveral courſes and diſtances 3 one, _ 8 
1 time for that purpoſe is arbitrary, yet the generality of 
— navigators hen . . mak) fixed upon mid 
day for the time of regulating, adjuſtmg, and determining 
by the rules of art, what courſe they have in twenty four 
| hours made good, what diſtance run, what latitude and lon- 
0 gitude the ſhip is in per account, fo that the Navigator is 
3 thereby enabled to prick the ſhip then on his chart, and 
E thenee he can diſcover, what courſe he ought then ſteer, if 
wind and weather permit. 3 , 
VNV. B. It is, notwithſtanding all you can do by account, 
abſolutely neceſſary to obſerve the ſun's altitude every day 
at noon, if the weather allow it, to get the latitude ſhip, and 
if your obſervation be well made, you are to prefer the 
obſerved latitude for the latitude in; rather than the latitude 
per account. Having laid down theſe neceſſary precognit:r, 
we ſhall proceed to ſhew our young navigator, after what. 


0 manner a days work of a ſhip's motion is to be wrought and 
. reduced to order, as practice is ever a little different from 
Theory.” Therefore we fhall ſuppoſe it noon, and that we 
3 } took our departure from cape Clear yeſterday at two in the 
* 4 aftcrnoon; at that time havirg the cape bearing, ſcuth ſouth 
Y +} <ealt about ſix leagues by diſtant eſtimation. 5 
4 =} Then put down the ſhip's bearing and diſtance from the 


LF cape; with proper allowance for variation, as has been 

4 directed; and under that bearing, put down every courſe 

3 ficered from your log board with due allowance for variation, 
and leeway, When the thip is cloſe hauled upon a wind, as 

has been directed a priori. | | 
N. B. If the log has been hove, only every two hours, 
vou t mult double the knots and half knots, cn every courſe 
for the diftance run on that courſe in miles. 55 


D hes 
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Then, extend from the ſine of eight points the radius, tothe 
firſt diſtance, and that extent ſet upon the fire of the rhumb 
or point of the courſe, after allowing for variation and lee- 
way, gives the departure eaſt or welt as 
ſame extent ſet upon the gompliment of the courſe on the 
line of fines of rhumbs gives {where the other foct falls) the 
diff. of latitude north or ſouth as per courſe ; to be put under 
their reſpective letters, as in traverſe failing, and thus you 
procced with all the courſes and diſtances of that day's run, 
obſerving carefully to place every reſpective departure, and 
2 of latitude, under its proper title, as your courſe always 
- N. Z. If che caurſe be north or ſouth the diſtance is all 
diff. of latitude, if eaſt or weft it is all departure no extend- 
ing, Then ſum up all your northings, ſouthings, eaſtings, 
and weſtings ſeperately; and the difference of your northings 
and ſouthings, is your diff. of latitude, if you have that day 
failed both * 2 and ſoutherly, but if you have only 
northing or only ſouthing, that itſelf is your diff. of latitude 
according to its title, and the difference of eaſting and weſt- 
ing is your departure, the title of the greater 
part, if you have failed that day both eaſterly and weſterly ; - 
| Fur if you have only eaſting or weſting that itſelf is your de- 
parture (and thus you have reduced your day's work to one 
i.ff. of latitude, and one departure, with which you find 
cCourſe made good, and diſtance run, as directed in plain ſail- 
Img. 8 | | 5 
ben you apply your diff. of latitude to the latitude of 
the cape; for the latitude ſhip, and after the firſt day's work, 
ou apply your diff. of latitude to the latitude ſhip the day 
before, * latitude ſhip that day, but if you have a good 
obſervation and the obſerved, latitude differ but two or thres 
miles from the latitude per account, you may quit your 
latitude per account, and prefer the obſerved latitude for the 
latitude ſhip at that time. | oo Mops 
Then half ſum of your two latitudes ſubtracted from go 
deg. gives the compliment of the middle latitude, and the ex- 


tent from fine compliment of inidde latitude, to 1adius 


= A i 
— — — . — 2 Sc 
— * , — — ” 


g0 deg, ſet on the os er en always gives the 
diff. of longitude, Which mult be applicd to the longitude of 
the cape; and you get the longitude ſhip, at that time; but 
after the'firlt day's work, you apply your diff. of longitude 
in degrees and minntes, to the longitude of the day before 
for longitude ſhip. Then placing every article in its pro- 


Per 


courſe, and the 
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per column, your day's work is finiſhed, and- thus you pro- 
ceed to the end of your voyage. | 3 
=? Slay, ws carry on the ſum of the daily depar- 
tures; which ſum is nearly equal to the meridian diſtance, 
in ſome caſes.. 


If after being ſomo time at ſea, you ſhould be put from 
your courſe by contrary winds, when the wind comes fair, 
you may at any time diſcover your courſe from the place: 
you are in; to the port bound to. 2 EL 
For, you have for that purpoſe, the latitude and longitude* . 
ſhip : with the latitude and longitude of the port bound to; 
whence by middle latitude, extend from the fine compli- 
ment of middle latitude to radius go deg. and that extent fer 
on the difference of longitude reaches to the departure 
always decreaſing, then the ex:eut from the diff. of. latitude 
in miles to the departure, ſet on tangent. of: radius 
45 deg. gives the tangent of the courſe under or above four 
points, as the departure is leſs or more than the difference 
of latitude, and thus you may find your courle any at 
time; which you may orove by your chart, firſt pricking 
down the place of the ſhip, as has been hinted before. 
Here it will be neceſſary to remind our young navigator, 
that if at ſea his latitude by account, and latitude by obſer- 
vation diſagree, and that difference amount to more than half” 

a degree, he muſt conclade there is ſome error. therefore, 
_ 1ſt. Let him examine carefully all his work, and fee that 
all be right, by examining - his . allowances for leeway and 
variation; then conſider the ſetting of the ſea ; for if a ſtrong 

wind has ſtood a good while one way, he may be aſſured, a 

current ſets more or leſs that way, conſequently ought not 
to be neglected. * | 
_ . 2d. If there be little wind and a ſmooth ſea, he may fink 
(out of a boat at a ſmall diſtance from the ſhip, where the 
current is) an iron pot or kettle below the current with a line 
made faſt to it 60, 70, 80, go, 100, or more fathoms in 
length, to be veered out into the ſea at one end, to give the 

ſinker depth enough below the current, and then the end of 
dhe line in hand faſtened to the boat's ſtern, to bring her up 
as if at anchor, to keep her as ſteady as poſſible upon the top 
_ of the cent. „ . 

z 4d. Then heave your log over board, turn your half min- 
ute glaſs, and obſerve by your compaſs, to ſet the drift of 

| the log upon the current, * the half minute glaG runs 
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ont, the line run of the reel will give you the velocity of 
the current, or number of miles it runs per hour, to which 
you may add a fourth more or leſs, for the drift of the boat, 
with the current 1 to the depth of water, weight or 
eapacity of the ſinker, to keep the boat more or leſs ſteady, 
thus the direction of the line A ſet by the comp aſs, ſhews 
to what point the current ſets. 


is the cauſe of the error, which is often the caſe, having 

- found its courſe or direction but not its quantity, the depar- 
ture may be corrected thus, % 

As radius: correction in lacitude : : tangent of the cur- 

rents courſe : correction in departure, which 15 to be reck- 


departure will be correfted to agree with the obſerved latrtude. 
5th. If the variation be found erroneous, by having the 
error of variation, you may find the correction in latitude 
and departure thus. Judge as near as you can how long the 
variation has been wrong accounted, or if your reaſon in- 
form you it has been altering gradually, ever ſince your laſt 
agreement of latitude by eccount and by obſervation, in ſuch 
_ caſe you may take the departure correſporiding to half that 


of variation: the correction in latitude. 

And as radius: difference of latitude : : fine of the error 
of variation: the correction in departure. CE ts 
Sth. Lay a ruler over the compaſs in the place of the true 


to the ſormer departure, but if nearer the correction of lati- 


a'r ays Contrary. | | | 
th. If after all theſe things are reviewed, the latitudces 
cannot be made agree, there is ſtill ſome error either in the 
courſe, diſtance, or both, which muſt be corrected. 


8th. Obſerve whether the ſhip has outrun the reckoning, 


(| from the time of laſt obſervation, whether it is leſs or more 
!' than four points from the meridian; that is, whether the dif- 
(| * ference of latitude, or departure be greater. 


9th. If the difference of latitude be greater, it is highly 
piobable the error is in the diſtance ſailed, therefore , with 


4th. If there be ſufficient reaſon to judge that a current 


_ ened eaſt or weſt as the currents motion, then by this the 


time, and ſay as radius: that departure : : ſine of the error 


wmeridian, and to ſhow the error of variation, then if the ſhip 
is farther from this meridian, than it was before from the 
ſuppoſed meridian, the correction in departure muſt be added 


tude muſt be added to the former difference of latitude; and 
when one adds, the other always ſubtraCts, becauſe they are 


or the reckoning has outrun the ſhip, alſo conſider your courſe 
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. Label ale ih 
>  Ufcali@trenratanidayude and departure made fince the time 

| of hidilffererncoofiiatitude : departure : : the error in lati- 


F todd xdifiercane@idatimdepa ch adile ect. 
17 tude w bee dur iH fur cpi rt ubeit dudtinttid / 
| 1 own w/henfobentbit i fh amis cafeſulkrey SothHaddtior 


dba foremoſt, for in this caſe they both add or bow. 


tudes thehdeparetton ii ſſepemtarof Kbakledds torthciddpere = 
wade whe rinrredkoninpdepforanegliyhinit Gdltivadtehehiopabe 
eee ming dender brad ende 
4 ſahtractſo rung alfoaysn.contraryc, bateat your N or 
_ Wbltathis borwgftiomyaliduetmnnectiiaryt. you ſail near eaſt or 
| weſt a this KfatreGounſe Þt bean fmerfiarpts from the meridian, 
and ibu Hate ano ie fufpr@bontbormourinaniichanciditrs 
| 4vſtjwacherefreakevctg oaſphibleitiiee emotlorsdidunds, it he 
a Aena hefulorrhithid ae pauſe hHhe nor mwicct, obly re ihr 
— —— —x— ab ahecy both the facil- 
__wygetlaoid leortbtitboparantt dlomamirfoy tf thag beahſtqufntly 
_ Yoſttbgipraomedtions wftiitihe contrary, and conſequently | 
deſehorſt᷑ a notłrect ctfattslongitude, take the meridional * 


diffettucd betamenqietheckbnigg amd obſervearhtammedeiahah 
_ difference between the reckoning, and obſerved latitude, then 
44  fayAs the error in latitude : the correction in departure : : 
: 0 meriqibe at diff it to dati ae corceftintice ite plongieude, 


 idianabdbappledoflietianie wajocaitioonwet, lo iaadhę 
vbiekciioto the depalredrethe ſame way caſt or weſt, as was the 
cornafthonOe df paatuneould correct the longitude by midlle 
_ #ghe, Ot li grouc wand cond ther tdrigitudieby middle, 
| latitude; ad the reckoning, and obſerved latitudes togetheh- 
| and ſubtract half that ſum from go degrees, which gives the 
| © compliment af middle latitude, then ſay. ß. 
| As fine compliment of middle Htitude : correction in. 
departure 1: radius or fine 90 the correction in longitude.- 
: 14th. The error in the courſe may arriſe from bad ſteer- 
age, incorrect leeway, or not allowing right for variation, 
or from the ſetting of unknown currents, tides, &c. for al- 
though the rules heretofore ſat down for leeway according to 
ſail carried, are the uſual allowances, yet notwithſtanding 
every artiſt ought by experiment, to be well acquainted with 
the leeway: his ſhip makes, under all the various: circum # 
\ Kances of fail abroad. As different ſhips make different“ 
OE | RT N leeway | 
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leeway under like fail; ns will the fame ſhip ſometimes 2 


copding tokar different trim with: to „c. 1 
15th. n may ae rom th ace 
an the half minute —— nd eng. 


ing wp ae — 9, 2 inches long, reckoning 
from the centre of ball 2. point of ſuſpenſion, x 
"nab ne > rg = | 


Will vibrate 30 times in one 
ball hung up and put in motion, will vibrate j 
of time, and if the glaſs runs out while 30 


in a ſecond 


| otherwiſe not, another proof is by one 
th. In ſtrictneſa each knot ſhould de nearly 51 feet 
— n part of the Goth, 


ſomewhat after the ſhip, meaſures her diſtance this 


—— ci inthe fn ph are found to agree 
alſo in the ſea phraſe, it is better for the reckon- 


Eg co be a bead of hp than for the ſhip to be a heat 
* that 1s, its better to look out een 


Attle too ſoon, than to be aſhore before it be expected. 

In cafe, our young navigator ſhould happen to 2— 
for upwards of twelve months, he may be at a loſs to know 
che moon's age and her ſouthing, for want of an almanac, 
therefore it is neceſſary that he ſhould know how to find the 


epact (or age of the moon, the beginning of the new year,) 
with the number belonging to each month, to find the mean 
Iunations as full and — with the * _ 


ed 


-year of account, and divide by 19, and the remainder, is 


* follows. 
. golden number any year, add one to the 


the golden number; for the golden number encreaſes 1 every 
regularly and ſucceſſively until it come to 19, and then 


Conia a new at 1. For the epact, multiply the golden num- 
der by 11 and divide by zo, and from the remainder ſubtract 


41 if you can; and that remainder is the epact: if your re- 


wainder be leſs than 14, you muſt borrow 30 to it, and then 


ſubtract 11 therefrom, and what remains is tlie cpact. 


If you add 11 to the epact of any year, that lum if under 


30, or the overplus if above 30 is the epact for the next or 
ing year. 

| For the new moons, there are certain numbers for each 

month to be obſerved, as January 0, N an 2, March 1, 


"April 2 


or vibra- 
Tions are made paſt the perpendicular, the gia is true 


degree of a great circle, or a mile, but the log 


=== 
way than it is, and therefore the leſs divifions of 4 __ | 
Wi 
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il 2, Ma „ Jane 4, July 5, 6, ber and 
Wa e premiered 
r to the number of that month add the 
pl for the year, which ſum ſubtract from 30 if you can or 
1 


To find the day of full moon, you muſt ſubtract the ſum 
of the epadd and vumber of the month, from 15 if you can 
Rr full moon. 


l you would know che moon's any day, you muſt col- 
left A ,. and day of the month 
into one ſum, which is the moon xf under zo, if that 
ſum exceed 30, "that excels or 0 
5 chat day. 


For the moon's. ſonching, mukij ply the-moon's age if under 
5, ener 2 erplus if above 15 by 8, and the units figure of 
produc by then the laſt product is miou.es, and the 

the firſt product is hours; and both is the 
; Th uthing, in the — if the moon 1s under 15 
25 old, but in the morning when — is above 15 


To find tos a eh et in 
your tide table, to the hour and minute in yoor table, add 
the time of moon's ſouthing that day, and that ſum if under 
ta, or the overplus if above 12. is che time of high water 
that day there. 


But, as our navigator n be in ſuch Iatitude 2s an * 
ac or diary, although in itſelf ever fo correct, may be of no 

ſervice to him with reſpect to the ſun's riſing and ſetting; 
or he may be abroad until that he earried from home with. 
kim is ſuper-annuated, and rendered of no uſe; therefore we 
ſhall inſtruct him, how to find the time of ſun riiing, and 
ſetting in any place, having the latitude of that place, and 
the ſun's declination (which we hive ſhewn a priori, how to 
find.) But it muſt firſt be premiſed, that when the ſun is in 
che equator on the 21ſt. of March, an about the 22d. of Sep- 
tember, 1: has then neither de clination nor a. apl:tude, and 
conſequently riſes at fix o' clock due eaſt, and ſets at fix due 
well all * the two N and werad zones, and 
at 


1 5 


x On, e 1— 0 


late pes 


— at that time, as in 


| | 73 br tit tangent of Ho | 1 
15 Tf EE 
3155 + | A 
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| * 110 Iatäzudes, and in the 
| Jani _-_ F K 2 . the — „„ 


ere, we e let our Jo navigator — Gat the in- 
neared” e chegteh eker 


Fe en 1 e _ A's divide dimgcthree 
laſſes (wiz) Antoeci, Periceci, and Antipodes, 


The 1 * reſpect to "Tin Ys Gs upon Pls | 
ſame meridian, but in oppoſite. parallels of latitude, whence, . 
they are equally. diſtant. from the equator or line, but on; 

different ſides, that is one in north, and the other in ſouth - - 
latitude; they have the ſame elevation of the pole, but not 
the ſame pole; ;for as much as the north pole is elevated to 
one, the other has a like elevation of the ſouth pole; it is 

midday and midnight to both at the ſame time, their ſeaſons 

| of. t the year are contrary, winter to one when ſummer to the. 
other, the length of dhe day i in one F.! is juſt * oth yg 


4 
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length of the night in the other, including twilight in the 
nigh:; but if the two places are within the torrid zone, the 


variety of ſcaſons is but ſmall, and the length of days and 


nights near an equallity. a 


The Perioeci, are ſuch inhabitants of the earth, as live in 


the ſame parallel of latitude, but on oppoſite ſemicircles of 


the meridian, ſo that although they are equally diſtant from 
the equator on the ſame fide, their difference of longitude is 
180 deg. the ſame pole is equally elevated to both, it is mid- 
day at one place, when it is midnight to the other, their 
days and nights are of equal length, and they enjoy ſimilar 


| ſeaſons of the year, at the ſame time, whether ſpring, ſum- 
mer, autumn, or winter. . | 


The Antipodes, are ſuch as inhabit oppoſite meridians or 


circles of longitude, and on oppoſite parallels of latitude. 
Hence they are equally diſtant from the equator or line, but 
an different ſides, conſequently in different latitudes, again 


they have the ſame elevation of the pole, but not the ſame 


pole; their difference of longitude is 180 dep. it is winter 


to one, when ſummer to the other; conſequently the length 


_ of the day in one place, is juſt equal to the length of the 
night in the other at all times of the year; alſo when it is 
midday to one place, it is mid night at the other, further, 


if the two places are near the line their ſeaſons do not differ 


much; nor do their days and nights vary much in length. 


That our young navigator may not be wholly ignorant of 
the true ſyſtem of the world, introduced of old by PY THA- 
 GORAS and his followers, and revived of late by one 


NicxoLavs CorgRNICus, but laſtly proved and demon- 


ſtrated by the late incomparable Sir Is AAC Newron. In 
which ſyſtem, the ſun is held to be much the largeſt of all 
the heavenly bodies, and is placed in or near the center 


of the planets; with a rotation about its axis in about 25 


or 26 days, this great and glorious body is the fountain f 


light and heat, whoſe genial influence, invigorates and 


cheriſhes both the animal and vegetable ſpecies, by its in- 


exhauſtible ſtore, 


The | 
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The firſt planet in order and next to the ſun, in reſpect to 
diſtance is Mercury, at the diſtance of 32 milions of miles; 
this planet is carried round the{ ſun in about 88 days of 
our time, is ſeldom ſeen by reaſon of his ſmall diſtance there- 
from; being never more. than 23 degrees elongated from. 
the ſun. . 
The next planet in the ſyſtem to Mercury is Venus, at 
the diftance of 59 milions of miles, performs its periodi- 
cal revolution round the ſun in 224 days and three. fourths. 
of our time nearly, this is a bright and lucid ſtar equal in 
appearance to one of the firſt magnitude; is never.clongated- 
from the ſun more than 48 degrees, is A 
and ſometimes an evening ſtar, this planet viewed throug 
2 good teleſcope, is ſeen to vary its phaſes as doth the nioon. 
Mercury and Venus, are called inferior planets, becauſe 
their orbits are included within the orbit of the earth. 


I be earth is the next planet in the ſyſtem, diſtant from the 
ſun 81 milions of miles, is urged round the ſun once a year, 
with 132 axis always parallel to its ſelf ; and inclined to tze 
- echptic at an angle of 67 dep. 31 min. on which depends all 
the viciflitude- + ſeaſons, Springs Summer; Autumn, and 
en 


rr; 


Winter, with all that variety of length of days in all lati- 
tiudes; at the ſame time turning on its axis, once in 24 

- hours, conſtituting day on that ſide toward the ſun, ahd 

night on che oppoſite fide, on this motion alſo depend, the 


two tides of flood, and ebb each day. The earth alſo has the- Þ ' 
moon in its annual tour round the ſun attending it, and reſ— 5 
pecting it as the centre of its motion, about which it revolves 
once a month, at the diſtance of about 240 thouſand miles; 
this attendant on the earth reeeives its light, luſture or 
brightneſs from the ſun, and tranſmits it to the earth by re- 
flexion; as is evident from its increaſe and wane; and alſo © 
from its dark appearance when eclipſed, or deprived of the 
ſun's light. 5 ä % | 


Next to the earth and moon is Mars, at the diſtance of 123 
milions of miles from the ſun, who finiſhes his revolution 
round it, in 687 days our time nearly; the magnitude of 
this planet. is apparently very variable, owing to its variable 
diſtance from the earth, being at one time 162 milions of 
miles nearer the earth than at another. This planet is ſome- 
times in cenjunction wità the ſun, at other times in oppoſi- 


* 
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tion; but Mercury and Venus are never in opp)ſition to the 


ſun ; yet they have two conjunCtions, inferior and ſuperior. 
The next to. Mars is the planet Jupiter, diſtant from the 


4 ſun 424 milions of miles, this planet revolves round the ſun 
in 4332 days and a half; and is thought to turn on his axis 


once m 10 hours, ſo chat the inhabitants of this planet have 


ſhort days, and long years, this planet is ſometimes in con- 
junction with the ſun, and ſometimes in oppoſition to it; 


Z and has four moons or attendants moving round him, at 


different diſtances in different periods, but as they are not 


uiſible to the naked eye; we ſhall not at this time ſay much 


about them, but proceed to the next and fartheſt in our 
ſyſtem (wiz) Saturn, diſtant from the ſun 777 milions of 


miles, — round it, at the flow and tardy rate of once, 


in the ſpace of 10759 days and one third; this planet alſo | 
has five moons or attendants, called ſatellites moving round 
him, at different diſtances in different periods, but they are 


all inviſible to the unaſſiſted eye. This planet hes a vaſt 


ſurprizing ring; that appears through a good glaſs, to be 
ſuſpended round his body of a confiderable depth; but of 
what uſe it may be, is all conjeture, 5355 


[ Afroncmens have difoovered.. that, the real aries of all 


_ theſe planets not excepting the earth, are eliptical the ſun 


in the focus of each orbit ; conſequently they are all at times 
nearer to that fountain of light, and at times farther remoy- 
ed; and this introduces an irregularity in cheir motions in 
their orbits, being accelerated in motion when neareſt the 
ſan, in their perihelien; and a little retarded when at their 


fartheſt diſtance from the ſun in aphelion; but their appa- 


rent motions, as viewed from the earth alſo in mation, is 


much more irregular among the fixed ſtars, their geocentric 


motions being ſometimes progreſſive, according to the order 
of the ſigns, at other times retrograde, at other times ſtation- 
ary, or without any apparent motion; all which phenomena 
are curiouſly repreſented in that noble and truly grand 


piece of machinery called an Ox RERKVY, together with the 


ops and LuxnaniuM; to «hich I recommend the 


young ſtudent, that would know more of the diſpoſition, 
motion, and affoctions of the ſeveral bodies, that compoſe 


the ſolar ſyſtem. 


we 


— 
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We ſhall conclude this introduction with a few paradoxes, 
and their ſolations, which depend on a through knowledge 
of the true figure and magnitude of the earth. + al 

Par. 1ſt, There is a certain place upon the earth, where 
the winds frequently veer round the compaſs, yet always 144 
blow from the north. . | = 
| Sol. This 1s at the ſouth pole, where there is no ſuch 
| thing as eaſt or weſt, nor ſtrictly any intermediate point, as 
Ih all the meridians unite there. SY ; 5 
Par. zd. There are two remarkable places on the globe, 

in each of which, there is but one day and one night through- 
out the year. | „ 1 ER © 
| Sol. The two places are the two poles ; for there the ſun _ % 

riſes but once, and ſets once in a year to either, conſequent- 4 
| - ly makes but one day and one night. 

; Par. zd. There are two places that he due eaſt and weſt, 
diſtant aſunder 6co leagues, and the true courſe and neareſt 
diſtance, is to {ail 300 leagues due north, and 200 more due 
ſouth, . „ 
Sol. The two places muſt be in the latitude of 75 degrees 
1 north, and their difference of longitude 180 degrees, for in 
this caſe, it is evident, that th: true courie and neareſt 

diſtance, is from the firſt place to the pole due north, diſtance 
300 leagues; and then due ſouth 300 mne, which is 300 
leagues leſs than ſailing due eaſt or weſt. 
Par. 4th. The paralell diſtance, cf two places in 2 con- 
ſiderable north or fouth latitude, is not their neareſt diſtance, 
| nor is it the moit advantageous caurſc, to ail from one to the 
{ other, duecaſt or well. | „ 8 

Sol. | he neareſt diſtance is on the arch of a great circle, 

but the parallel diſtance, is an arch of a leſs circle. - 

Par. 5th. If the ſhip A, ſails round the globe eaſtward 

about, and the ſhip B, fails round weſtward about, the men 
on board the two ſhips, will differ in their account of time 
f among themſclves, and both wilt differ from thoſe who re- 
| ſided at the port ſailed from. iy 
1 Sol. The ſhip A ſailing eaſtward, will gain one day, and 
the ſhip B failing weſtward will loſe cne day; cnſequent!y 
the people on board A will reckon one more, and thoſe cg 


board B one day leſs, than «noſe who reſided at the port, 


1 N 1 


| [7 * g 5 * e 
„147. 3 9d © 
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ARITHMETIC. 


VL the operations in Arithmetic are performed 
1 by four general rules, viz. Addition, which finds 
| a a ſum ; SubtraQtion, a difference; Multip!: ation, 
a product; Diviſion, a quotient, Now each of 
theſe rules hath its prope! mark, ſign, or ſimbol, which 
3 ought firſt to be well underſtood, both for elegance and ex- 
pedition in buſineſs. = - 5 . 
I This mark + is called plus or more, and is the ſign of 
Addition, as 8 + 12 make 20, again 7 + 9 + 12 make 28. 
| A This mark — is called minus or leſe, and is the ſign of 


5 Gubtraction, as 12 — 7 155. _ | 
x This mark x is called multiplied, and is the ſign of 
Multiplication, as 15 & 6 makes go the product, alſc, 7 & 
1 wh, „ 5 | 
nts This mark — 1s called in reading it between two num- 
* bers, divided; and is the ſign of Diviſion, as 60 = 12 
5 makes 5 the quotient. But Diviſion is often thus ex- 
Y prefled is 9, read 72 divided by 8 is g in che quotient. 


Other marks. and abbreviations in this work are the fol 
” | 55 lowing „ | 
This mark = called equal to, * the ſign cf equality, as 


nf 


* 


—ů——ͤů 1a. mos 
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8 + 11 = 19, alſo 19 — 11 =8. And8 Xx 9 = 
allo 72 ＋ 8 = g. 4:12: 26: dB gen 7h, 


py n, and 1s read as 4 is to 12 ſois 6 to 18. "EEE 
4 = 18. e 


| N . 


Sine af the Apgle. 
Tangent 

Tangent of the Angle 
| Compliment 
Difference 

{| Square Root 

| B C Squared 


I Latitude 
1 . Logarithm. 


[Wick dome others which are e obrious, or afterwards ex- 


+ | AvpviT1On i in e is the firſt the four ads. 
mental rules in that ſcience; and teaches . 
ſum of two or more numbers. 
As irio of ſingle numbers, of choſe conſiſting of one 
digit only, is very caly ; as for example; 4 + 5 +8 + 7 
"oa compound numbers, Addition is performed by writing 
dun the propoſed numbers in vertical columns, placing 
units under units, tens under, tens, hundreds under hun- | 
nen e 


To 2684 3 84 7683 
| 7218 ...- 48 „„ 
Add 4729 76 8 94 
3218 S 64 „ 


Rule. Begin by adding all this units s firſt, | ſetting 3 
he units Gigure ia the ſum, under units, carrying tlie num- 
der of tens to the tens, or next line; thus in the firſt que= |; 
oy. 4 + 9g + 8 48 29, rherefore pen the p dada the 


units, 


1 _ * 


* carry two; then two carried 


2s 12— 7 25 


if the upper i gure 
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fet 4 under tens and carty 


gain, 7 412746 rs, then fer 8 
un . god ter ug * to the next line. : 


Again, 1 cartied-+ 3 + 4 + 7 + 2 = 17 whith being 


che laſt line, muſt. all he put down as in the example; whence 


the ſum is 17849. 
Sus rancrion, i the ſecond principal rule, and 


teaches how to find the difference of any two numbers, by 
taking the leſs from the greater 


In- numbers conf 22 two digits, it is wem . 
. of 12 and 7. 

Alſo, 8 = 3 = 22 prod — 36 = 12 &c. 

This rule is directly contrary to Addition, bat in | 
the numbers the-ſame caution muſt be uſed as in Ad —— 
to ſet units · under unit s, tens under tens, c. 


Rur z, Begin at units figure, and ſubtract the lower figure 


from that which ſtands over it, ſerting down the difference 
oypher, if they chance to be equal; but 


underneath it, or · a 

be leſs tham the lower, increaſe the upper 

figure with ten, and rom the ſum ſudtract the lower figure, 

ſetting down the difference, and . lower 
cxample, 


eres as in ig 


From 2953 Tz 89 oe” 
Sub. as 7 * 7583 
mn: ; 


Here 6 ED 3 n but 6 Heim 3 + 1D or 13, leaves 
7 to ſet down, one carred to 7 makes 8 from 5 + 10 or 15 
gives 7 to putdown ; 1 + 4 55 from 8 and 3, © from 2 1s 


23 fo the Uifference 3 in the firſt queſtion is 2377. 


MvuLT1PLTCATION, is the-third rule, and teaches how 


to find the product of any two numbers, as in the — - 


— 5 

2 42323 12 * 12=1443 25 X 6=150 | 
* Multiplication of compound quantities, the firſt faftor 

. 8 52 called 


—— ꝛ œ — CC EINC 
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called multiplicand, is ſet over the other called the multi- 


Plier, and the product is ſet under both. 


* hus multiply 8472 makiplicand 
By | multipher 
2 2 „ 67976 e 


If the maltiplier conſiſts of more figures than one, the 


— 1 mul: iplicand is to be added to itſelf, firſt as often as 


the units fgure of the multiplier ſhews, and as often as the 
next figure in the multiplier ſhews and fo on w end, as 


in the © lowing example, 


—_— | 84721 5 
By 842 
che Particular pts of $4721 5X2= 1694430 


847215 X40= 3388860 
Do Sepuey Woes 6777720 


the total dea 223355030 | 


— 


This Aſpoktion of the produtt with aefpe 3 nicht 
hand figure, follows from the firft general rule, the right 
Hand figure of each product being always of the ſame local 


value, with that — of as multiplier, * n it 1s 
generated, _- . 
Apain 23000 X 30 = 690000 the Pelz. as 
Nultiplica tien may be performed by addition only, by 


abu; ating he multiplicand; or by Netgear 8 bones, or flid- 


ing rules, er by logarithms. 


17 du add the logarithm of the multiplicand to hs log. | 


of tte multiplier, the ſum is the logarithm of the pro- 
4a. 1 hus, | 
. multiply 144 log 2.15336 

By 12 1.07918 


e 1728 3:23754 


. _ SION is the fourth and laſt principal rule, and 


eaches to find how often one number i is contained 1 in 12 
other 


1 VENI-MECUM. 4n 
' other. as 4 is contained 8 times in 32. *.* 4 is the quotient 
of 32 divided by 8, 32 being the dividend, 8 the diviſor» 
4 the quotient 3 1 $ 
N. Divis iox is juſt the converſe of multiplication and may 
. ae eaſily and ſafely be performed in large numbers by tabulat- 
ing the diviſor, alſo as divim proves muitiplication and 
the contrary, if you divide the product by the multiplicand, 
th: quotient will come out the ſame as the multiplier, as 

for example. | 3 Uge 


147215) 714355030(842 the quotient | 
. 


Y 3558303 ß½ꝶc 1 
4 | = 3388869 | p | 


1694439 
1694430 


| Diviſion may be performed by logarithms. 
If you ſubtract the log. of the divifor from the log. of the 
dividend, the remainder is the logarithm of the quotient. 5 
Thus, divide 1728 log. 3.23754 
| nb 


6 


quotient 144 2.15836 


Abppiriox of ſundry Denominations. 

As Pounds, Shillings, Pence, and Farthings, or Yards, 
Feet, and Inches, or Degrees and Minutes &. 
Rule 1. Place all the terms of the ſame denomina ion 
under one another, as pounds under pounds, ſhillings under 
8 gs pence under pence, farthings under farthings, 
- | c. : 1 8 ON 

2d. Begin at farthings, and collect them into one ſum, 
which divide by 4 (the farthings in a penny) ſet the re- 
mainder under farthings, and carry be quotient to the pence 
- 3d. Sum up the 2 which divide by 12, ſet the re- 
mainder if any under pence, and ca-ry the quotient to 
JJ... 8 5 
th. Add up your ſh lings row, divide their ſum by 20, 
et che rema.uder under fhilungs, ald carry the quotient to 
. D z „ 


rh En rr me oy _— coy” 


* 


— — — 
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the pounds, hich muſt alſo be caſt 
- the following example. 


2 


8 E 1 
To 274 14 9x 
147 18 10 4 
Add 218 17 11 4 


372 13 7 2 


Sum 1014 5 3 3 


:+ +: oo deg. m. T der. m. 
10 18 14 6 25 48 34 
Add 8 43 4 53 5 14 
Sum 26 57 1 „ 


SUBTRACTION of divers denominations. 


Rule 1ſt. Place the terms as directed in addition, the 
ſum under the greater. I 
2d. Begin at the 


© 
* 


loweſt denomination, and take 
the remainder, but if the under number be greater, ſubt 
it from the number of that denmination in the next, 

to the remainder add the upper number, which ſet down 


mination, as in the following examples. 


HP deg. m. deg. m. 
From 217 498-7 = 99 14. 48 47 
Sub. 129 7 9 2 84 21 1 
Diff. 88 Dog a 12 | 50 1 


MuLTiPLicaTion of Money. 


not above 12; if above 12, multiply by ſuch gumber 


up as in addition as in 


jeſs 
the 


under number from that above or over it, under which ſet 


ract 
and 


for 


the remainder in that place, and carry one to tne next deno- | 


In carrying on buſineſs of buying or ſelling by the yard, 
| poun', 4undred weight, foot, &c. at ſo much per yard &c. 
Multiply the price per yard, by the number of yards if 
"= 
will. 


I. 


VENI-ME-CUM 4; 


will conſtitute the pumber propoſed, as for 48 yards multi- 
ply che price per yard by 6, and that product by 8, becauſe 
0X83 = 48, and for 53 multipiy the price per yard by 10 
ard that product by 5 becauſe 5 Xx 10 = zo, to which add the 
product of the price per yard by 3, and the ſam is che price 
of 53 yards, as 1n the following cxamples, 


. . 


What come 8 yards linen to at 4 7 . per yard ? 
ii, a. 
What come 48 yards to at . ＋ per fac? 
: 8 
| | 1 
348 4 2 
| 8 


— 


4 25 3 0 0 anſ. 


What come 53 yards to at 14 10 4 per yard? 
| | 5 1 


2 
3 E 

| © 
2 
+ 

14 
2 
= 


If the number of yards, &c. be 100, multiply the price 
per yard by 10, and that product by 10. 


What come 109 fſceet tiuiber to at 2s. 7d. per 
foot? . | Oo 
16 3 o 
0" 
The price of 100 ſcet 1 TS SY 


. | | carried forward 
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The price of 100 feet L- 13 260 9 
It 700 multiply chat: rodu®t by OO i 


The price of 700 ee. 
It 780 multiply the to line by 8 = 10 1 
It 78g multiply che price per foot by g= 1 


Anf for 789 feet - 103 1 7 


If the price of a ſtone be required, frum the price of a 


und given, multiply the price per 1 by 7, and * 
. by . becauſe 7 X2 = 14lb. == 1 Stone. : | 


What come 11 ef 4d. 2 per Ib.? 


Sh. 2 5 2 
| 2 


Per ftone 4 11 2 
. 


{. 2 14 2 Anſwer. 
It hs? price of a hundred weight be Po TY from the 
; = per lb.; multiply the price per Ib. by 7. and the pro- 
uct by 4 for the price of a quarter; and the price of a quar- 
ter multiplied by 4, gives the price of one nundred weight. 
* 3 21 bb. bay at d i per Ib. 


Eleven Hundred | [ - "22 "0 
Thr-e Quar's.s f comes to - 1 16 
Twenty-one lb. 5 


Aae: £ 54 613 ler- 
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| MurrirLicarou of Feet and Inches. 


| This rule is applicable to the meaſuring bales, boxes, 
5 caſes and — — for freight, cartage, ſtorege, &c. 
* Ik the feet in the multiplier be 12 or un der, multiply by 
I the feet, and then by the inches, or for the inches take the 
aliquot parts as in the following example. 
If a package be 9 feet 8 inches long, 4 feet 5 inches 
broad, 3 feet g inches deep, required the ſolid feet ? 


F. In. 
Breadth 48 
| Deph 5 5 
Product by three fect 1 
Do. by nine inches? 3 3 9 
e a wg i 
9 8 


2 


Product by nine feet 149 © 
Six inches is one half 8 3 
Two inches is one third of fix 2 9 


5 — 


: | Content 16 1 3 0 
. | Which ut ze ſeetto the tun is 3 tuns 10 fc. 


| RepvcT1on is the changing coin, weight, or meaſure, 
from one denomination to another, and is either deſcending 
by multiplication, as pounds multiplied by 2o, produces 
ſhillings ; or aſcending by diviſion, as ſhillings divided by 
' 20 quotes pounds. : = „ 
Reduce 431. 188. gd. 2 do farthings? 
It. 43 * 20 + 18 = 878 Shillings. 

IId. $78 X 12 + g = 10545 Pence. | 
 Ud. 10545 Xx 4 #1 = 42181 farthings. Anſwer. 
Reduce 42181 farthings to pence, ſhillings and pounds. 
Iſt. 42181 + 4 =10545 pence ang 

II. 10545 = 12 = $78 ſhillings and g pence. 
III. 878 > 20 = 431. 188. 94. Anſwer. 


” The 
J Lo 


A VC WAS. CGG AS oo cn a non 
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ADA 
Tbe Single NLE f Taste Direct 
given, by ranging or ſtating end. 1 


third terms be of one name, then divide the produit of the 
ſecond and third by the firſt for the anſwer. 


If 12 yards of cloth eoſt . 468. what coſt 164 yards ut that 


4 


cate ? | 
+ <- = yds. 6 
Gal. As 12 : g = : 16: O15, 
= RR © 41 
= 
+ JO 
— "Ms 


615 = 30 15 Anſwer. 


fz buſ. 3 pecks of Wheat, coſt zl. 17s. 9d. what ſhall 
be paid for 4 qr. 5 buſ. 2 pecks at that rate? and what 
eoft 1 buſ. thereof? B. P. pecs 1 5 
By redactioan 3 3. aj 
5 
= Rk 934. 


ÞP d 


9 2 
. 6 ander 
GT ee. 
For the puice of one Buthel. | 
F „ . 
As 15 : 693 2:4 84 += 15 4 4 Auer. 
5 2231. 
$9 924 _ 5 


Drzcwar Fractions 


| This is an artificial method of repreſenting quantities af 


any kind, as coin, weight, meaſure, &c, in tenths, hun- 


\.: 


\ n F + *© LET > Os 
— * 3 ta, Þ 
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Y dreds,, thouſands, &c. ſeparated f t dot, as 
21222 an heed Tank 


Weight, or meature, are mud d decimals by ſtort di- | 
* thus, 


1 Reduce 173. gd. 2 to the Decimal of one pound ? 


-.M 3-00. 
— . 
- „ n 


. 176. gi... 2 == 90025 . 
Tun. Cw. Qr. Ib. Ox. 


"I 


Reeduce 3-14 328 's To the decimalofane tun ? 


* 4] 3:97 44: 557 _ 
4-4; 227087 14 

| Tan. C. &. Ib. oz: 240074 501904 8 

IO 3 I4 2: 21 8 == _ 3-73+599214 Duns, 


Reduce 51. zm. 7 fur. 34 poles to the decimal of a degree? 


—_— 


| 5 78500. 


1 _ ols-99375 | 
, Ja. an. Be © 
| $57 y- «2996875 degree 


A vulgar fraction is put into decimals, by dividing the 
Aumerator by the denominator. 


Thus. = 25, 3 5. 3 = 25. 


Compaind fractions thus, 
I 


1 
3 11 
E — == — mx +2 
0 5 ” ra 5 


3 of 3 -= 6 aul 


n- 5 | EO 
. | 


The 


__ — * 


N "OED" LE — >. 
. ˙ 
. l l _ . \ _— — PF — 


A6 


CIS ”- 
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The valve valve of a decimal i ound, by mutiphing i bythe 
known parts s of the integer, thus, 
Gs "Ie. 


Sill 17.6185 
e 
Pence 9.7500 
4 
0 .BgoG25l. = 175. gd. 2 anſ. 


" Decimals are added and ſubtracted as whole numbers, 


placing tenth parts under tenth Parts, hundreds under hun- 
reds, &c. as under. 


To 68 472 
e e From 21.804 | 
Add r .2847 . Sub. 7.1498 
1 L423 3 
— „„ 14-0548 
Sum 73: ng e 


. Decimals are multiplied ; as whole FOR hn] only 88 


ting as many figures in the uct for decimals, as there are 
ocmals in back Hite, © 18 


Multiply 84.72 , 058421 

— 0631 
D 25416 „„ 58421 
33888 175263 
r 350526 | 
Product 46. 00296 : 0036863651 


EFF 


To 


1 VENI-MECUM. 

|: To meaſure a package by Decimals. 

. . F.- 

If the length be 8=9.6 ) N 
— : 5262-966 ; 1 

Depth 3 9=375 ) 


919937500 


1104666 
14906250 


F. 6 

160 1 3 = 160. 104166 anſ. 

Decimals are divided as whole numbers, only continue 
the diviſion until the decimal places in the dividend, exceed 
thoſe in the diviſor, and — that exceſs for decimals i in 


/ 


| the quotient. 
48.376 
TE 8 5.234 the quotient 
p The Rur of Taxzt in Decimals. 


If one ſtone of beef colt 35. 9d. what is the value of 9 
cut. 2qr. 2 1lb? and what is it a pound? E 
By reduction 1ſto. = + cwt. = .125 ct. 
_gewt, 2qr.' z lb. = 9.6875 ent. 38. 94. 2 187;l. 
As. Izpfct.: . 18751. :: 9. wa} ae 14.5312. 
dividing the 1&. and 24. terms y 5 give. 
As .oz5 ; .0375 :: 9.6875 = 3 again 
As .005 : .0075 :: 9. 6875 — 5 again 
A .001 ; .0015 :: 9.6875: 14. 531 
: 0015 


434375 
96875 
.001).01453125(14.53125 
or 14], 108. 7d. 3 anſwer 
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8 | * | it ans 2d. > X 8. 
| — — — 
give 1.0 1.5000 again.1f, and ad. xa. 
2 2 | | a | 


A 2: 3:: 9.6875 : 1453125 
1 N 3 k | 


= 229.0625 5 


1 108. 7d. 2 =14-53125 anſwer 


| For the price ef one pound. 
14]7]-1875 


12 0267857 


| | [0133928 = 3.21428 per lb. 
To extrat the ſquare root, is to find from a given number, 


ſuch a number as multiplied into itſelf or Ie may pro» 


duce the propoſed number or power. 
As the ſquare root of 144 is 12, becauſe 12 X 12 = 144. 
Require the ſquare root of 8472184? 1 5 


| 8472184 (2910.7 the root 


58207) 408400 : 
| 497449 


951 


Every new diviſor is ma by doubling the root, and an- 
nexing the next figure in the root in the units place thereof 
as 2X2=4andg put to it makes 49 the firſt diviſor. 
Ale 2922 58 and 1 * to it makes 581 the ſecond 
pages &c. ; ; 


"” hs 


* , 
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II the two NM le, 'viz. the baſe 
| and per ven; is equal to 
| Re of the hen of tate Corres? 


If a ſhip ſaits from a port due north thirty-ſix miles, | 


and another due eaſt forty-eight miles, required their diſt- 
ance aſunder ? 


Thus 36 X 36 = 1296 and 48 „* 42 = 2304. 
And V 1296 + 2304 = 60 Miles Anſwer. 


of the difference of their ſquares is che dther leg 


If a ſhip fails 60 miles into the N. E. Er and is 36 


ö required how much the is to the eaſt- 
ward? 


60 X 6o == 3660 and 36x36 = ok 
Then V 3600 — 1296 = 48 Miles to the Eaftward, 


If the higheſt mountain on the neous 


| . far en i be ſeen on 3 or at 
.. WE 


Sol. If ve allow the exrth's diameter $000 miles. 


Then 4003 x 4603 3= n6ozgoog 
4009 X 4000 = 16000000 


v 24009 24009 = 154.9 Miles windy. 3 
If the diameter of Jupiter be 20. times bigger than the 


earth's diameter; how far may a jovian mountain, three 


miles high, be ſeen on his ſurface ? 
| 4009 _X 2% $5006, sede 4 3 2 do 
$o0az3 x 30003 = 640048650y . 
nn 
55 0 „ Anſwer. | ga 
If the moon's diameter be b of the earth's diameter, how 


| far may lunar mountain three mile Ry ſeen on the 


ſurface thereof? 
 Vooz * 1003 — 1000 X 1000 2 77. 1 


r 


The lengths of pendulums are inverſely as the * 


of — vibrations 3 in the ſame time. 


Es — — 


If che hypothenuſe and one leg be given; the ſquare root 


globe be thre 


oy 
6 — — 


2 1 , 
— cc 
T_T 
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5 v100 X 100 X g = goo yards. 


ed how much that diameter muſt be len 
equally to be five times as great in the area 7 


If a pendulum 39.2 inches long, vibrate 60 times in a 


minute, what length muſt a — be to vibrate 30 times 


in a minute? 


As 68 N 56 


39.2 : : 
— 
235 200 
1175 | 

g'oo)1411120.0 

156.8 = 13.06 feet. Anſwer 
The magnitudes of all fimilar plain figures are in the du- 
plicate ratio of their dimenſions. . 


If the ſide of an Orchard be 100. yards, 
of another nine times as big, and of another half 4 great 


30 X 30: 157.2. 


0" 2 —— 70.71 yards. 
| e 


N 28 


Anſuer 178 yards at each end. 


ur 12 inches karg. of an iron bar, that is one inch he 
fide of its ſq 663 what will a bar of the 
i be * an 


ſame len * h, 
inch? N C 


: 25 * 27 
bee at lead 


As TT: 2: 125 w. or 2 ounces. 


"if a6 ace of los. each 7 


how many bars each the ſame length of the former, will be a 


cart load that are five inches about? 
. As 7X7: 30:: bach 58.8 anßner 


required the fide | 


nn, 


F 
1 
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| The ſquare root by logarithms. + 
9 Half che log. of nch nander in the lag f the ſquare w 


of hat neuter: „ ed; e „ ny e 
A "256 its log. is — 2.40824. one half thereof 
is the log. of 167 1.812 the'rvot required. 
The log. Kar iner lar by's give Ge log. ot | 
the ſquare of that number. 
7 As the lag. Ag. 13979 


is the log. of 2; X25 = 625 Sh 
Alſo one third of of y number is the log ot = 
the eube root n i 


** the cube root” of 1 28? 23754 
Wa (19% 10 One third of wh 2 ron 


T6 kad 4 nein orpordonat by logerithms, 
Half the ſum of the log. Gy two numbers, is the- oa 
the-mean. . 1. "= 4,3 þ- wad 1. 
Required a mean proportional between 12 and 192? 
1:7 75:1 Tologd of 12: tos © Lo ts 
A log. of 192 = 2.28330 | 
vo Faq 2 = OS 21336248 36248 
the log. of 3 158 24 
for as 12: 48: 15 ret | 
To find a third proportional by logarithms. 
From twice the log. of the greater number ſubtract the 
log. of the leſs, and the yemaunder i is the bog. of the _ . 


- proportional. 
m Required a third 8 to 12 and 48? 
: The log of 48 is 1.68 124 
_multplied 5 
N 6 — — 
5 Et 3.30248 
Þ abe log of 12 = r.v7gn8 
: "0D 192 | "240440 


for as 12 : 48 :: 48 : 192 proof. 
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To find a 4th. proportional by logarithms. 


To the comp. arithmetic of the log. of the firſt number 
add the of the other two numbers, and the fam is 
the log. o the fourth 
| Required a ch. proportional to 12.48. and 192? 
Log. of 12 is 1.07918 


— — 

its comp. arĩthmetic is 8.92082 

Log. of 48 is 1.68124 

Do. 192 is 2.28330 
Log. of 768 2.88526 12: 48 : 192 : 768. 


The compliment arithmetic of a log. is what it wants. nf 
the radius of your tables, or it is the reſidue of every figure 


9 and of the laſt to 10. 
The Rule of Three Direct by Logarichms | 


Having ſtated and reduced the terms, add the log. of the | 


ſecond and third terms gether, and ſubtra® the log of the 
_ firſt, the remainder is the log of the ch. or anſwer. 


5 If 7 yards and n 358. wha coſt 127 yards 


at that rate? 
| rogues, =7.5 il. 158, = and 1.75. 


As 7 5 yards log. 0.87506 
2 5 751. o. 24304 
3.3 127 1 2. 10380 
2.34684 
: 29. a6. 1.47178 
or 29l. 125. 74. anſwer 


Again 45 7.5 1.75 2: 127 : 29.63 = 2gl. 123. 74. proof, | 
TM RuLz of THREE InveRSE by Logarithms. 


State as before directed, and from the ſum of the log. of 
the firſt and ſecond terms, ſubtract the log. of the third term, 
and you have the log. of the fourth term or anſwer. 
If I lend my friend gool. for 9 months, how long _ 
he to end 2 me 8 to *— my . ? 


% * \ 4 Fs , * * ". 1 
2 3 —— 
—— oy _- © . 
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9 0.95424 
:: 15ol 2.17609 
3.65321 > 


30 mo. 1.47712 
| Again as 500 : 9 ::.150 4 30 mo. . _ 


The Double Rur of Takkr by Logarithme. 


Theſe queſtions may be done by two dating! in the fingle 
rule, and worked as 


If 12 ſtudents ſpend 18]. in 9 _— how much will 
ferve 40 ſtudents 16 months? 


or you I- ſtate ths, 


Sta. M 4 > 16 K 28 e 
I = — = 106.6 
* us ix * Se * 2 3 h 

| 1 ee 
Thus by lo E BY 
To L «by aputhns, | 
A Þ 16 1.20412 & + 
Log. 3 18: 1.25527 
4.0614 


Log. 12 1.07918 
= - 9 


.& - 4.63805 
8 = 106.6 2 02803 anſwer, 


© The uſe of Gunter 5 Line, with Compalics, | 


In e by ſcale and compaſſes, extend (rom on- 
to the multiplicand, and that extent ſet the lame way, from 
the ms reaches to the product. 


For 8X6 = 48. and 25 6 = 150 


Extend from 1 to 8, and that extent ton 6 falls on 48 the 


product, alſo the extent from 1 to 25, reaches ſrom 6 to 150- 


The 
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The uſe of the ſliding Gunter. 


| Set 1 on the ſlider, to the multiplicand 8 on the rule, then 
| againſt the multiplier 6 on tlie flider, Lands 48 che product 
on the rule. 


In diviſion by ſcale and compaſſes. 
Extend from the diviſor to i, and that extent ſet from 


te dividend the ſame way, falls on the'quotient; ” © 


For 48 ＋ 8 =6 and 150 ＋ 25, = 6 
Extend from 8 to 1 and that extent ſet from 48 falls on 
6 the quotiett, alſs the extent from ag I, Teaches fr from 
* to 6 the quotient. * 


: By Diding Rule, 
et the dividend 48 on the {lider, to the diviſor. 8 on the 


_ then againſt 1 on the rule tands 6 the quotient on the 
er. 


In the rule of three dire, by. ſcale and compaſſes 


Extend from the firſt term to the third, and that extent will 
reach the ſame u ay, from the ſecond term to che fourth. 
It's yards coſt 41. 108. what coſt 28: yards? 
Extend frem 5 to 28, Yar that extent ſet on 3 2 falls on 
19.6 =19]. 12s. $$ 
By ſliding role, ſet 5 4 firſt t term on the Aliger, to 28the 


* third term on the rule, then againſt 3.5 the ſecond term on 
the {lider ſtands 19.6. on the + ou 19]. 12s. 


Board meaſure by ſcale and compaſſes. 
Extend from 12'to the breadth in inches and that extent 
ſet the ſame way fromthe length in feet falls on the content. 


Ifa board be 14 inches broad and 27 feet long, required | 


its content? 


Extend from 12 to 14, 3 chat extent reaches from ” to. 


31 5 g feet the content. 
1 993 14 


By fliding rule, = 


Set the length on the ſlider 275 to 12 on the wh of 8 
radius, then againſt the breadth 14 on the rule, ſtands 31 5 
on the on the content. 
By Way Keg eta 1 5 provf. = 
To 
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To meaſure round or rough ſquared Timber. 


In practice according to cuſtom, meaſure the length of the 
| mo tp feet, then gird it in the middle with a line, which 

ble and meaſure on a line of inches, then half that mea- 
dure call a fourth of the girth or fide of the ſquare. 


By Scale and Compaſſes, 
Extend from 12 to the fourth of the girth, which extent 
turned twice on the ſame way from the » falls on the 
content or ſolidity of the piece in feet. | 
If a piece of timber be 37 feet long, and a fourth of che 

be 16 inches, required its content? 
Extend from 12 to 16, and that extent turned twice on 
from 37 falls on 65.5 or 65 and * feet the content. 


By ſliding Rule. 
Set the length 37 on the ſlider, to 12 on the girth line, 
then againſt 1 the fourth of the girt on the rale or girt line, 
ſtands 65.5 on the ſlider the anſwer. 


By the pen — = = 65.7 anſwer | 
or 37 X 1.7 == 65.7 feet anſwer 


To meaſure unequal ſquared Timber, by Scale 
nnd Compaſis, 


"Red from 12 to the breadth in inches, which fee Gam 
the in inches, and t hen extend from where the other 
foot to 12, that laſt extent ſer on tho length in feet falls : 
— | | 
If a piece of timber be 20 inches broad, 14 deep, and 18 
feet long, youu its ſolid content: 
Extend 12 to 20, that extent ſet the ſame way from 


14 falls near 23.4 then the extent from that point to 12, ſet 
on the length 18 falls on 35 feet the ſolid content required. 


By fliding Rule. 


| Set the breadth 20 on the flider to 12 on fant radius 
of the rule, then againſt the depth 14 on the rule, ſtands a- 
| Point on the luder near 23.4, which ſet to 12 on the rule, 


than 


* 
— 
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chan _againd 38 onthe, rule, fands 35 on the Cider the 
anfwer. | | 


Ko x 1 * 16 18_ 
By he pen. > = = 35 be. 


To ent from a board of a given breadth an aMgned am- 


ber ef foot, dy Gele ad: 


Extend from the propoſ- — feet to the breadth 


in inches, and that extent 42 from 12 the contrary way falls 
on the len 


What tength of a plank that is 15 inches broad will make 


18 feet flat meaſure? 


Ihe extent from 18 w 15 let from 4 12 the comrary way 
gives 14-4 feet the anſwer 


By Niding Rite, | 
Set "Tp propoſed number * feet on the ider to the 


breadth 15 inches on the equal radius on the rule, then 


ngainſt 1 1966 the — 14-4 0n the dider the anſwer. 


"I; = 14-4 feet anſwer. | 


By che pen. 


To cut e of equa ſquared timber, an afigncl 


number of feet. By ſcaleand 
Extend from 12 to the hide of devine, 


and that extent 


teorned twice on the contrary way, from the Propoſed number 
ired. 


of feet falls on the length requ 
If a piece of timber be 16 inches ſquare what ge 
thereof will make 2 frees _ 

Extend from iz to 16, and that exeetit turned twhte' on 
from 25 DRE Wages way Halls en 14 feet the anſwer nearly. 


By flidit Rule. 


Set the propoſed number of feet 25, on ive idler to the 
fide of the {quare 16 on the girt line, pts 7 12 on the 


girt line, ſtands 14 feet an the ſlider the 

By the pen 2 = 14 nearly Proof. 
By contraction 1.5625 Xx 9 == 14-0625 Anſwer, 
To Gauge a Caſk by ſcale and compaffes. 


The de Gauge point for ale of deer meaſure is 18.95 = 


r nearly. 


785 4 


2 . 


| Therefore extend om 1to 7 and that extent ſet the ſame 
Way 


> 
2 


„ Spe" v4 
*. — „ 


VE NI ME CU M. tis 
way from the different of thebungand head diameters, falls 


ag Aau.aber, w which add the head diameter and the um 
is, a mean diameter. 


Then extend from the gapge point, to that diameter, and 
on 


chat extent turned twice ſame way from the length, 


2 cuntent ale or wine, — to the gauge 
nt ule 


Admit che lengt h of a caſk 43 inches, diameter at bung 28 


head Dto. 20 inches, Query its content ale and wine gallons? 
Extend from 1 to. y and that extent ſet from 28 20 


 $fallson 5.6 to which add 20 makes 25.6 the mean diameter, | 
then, extend from 18:95 to 25.6, and chat extent, turned 
twice on from 40 falls on 73 ale gallons. Alto the extent 
from 17. 15 to 25.6 turned e 89.7 


wine 888 

3 fliding Rule. | 
a . „ 7'= 56 [then 20 + 5.6 

= 25.6 the mean diameter. Then, 


| Set the length of the caſk 40 on the ſlider, to the gan gauge 
point 18, 5 on the girt line, then 2 che mean dia- 


. 6 on the 25 85 ſtands 73 ale gallons on the ſlidet. 


25. 6 X 40 
vy the pen s biens anſwer 


Shs wine {et 40 on the Hider to the gauge paint for 
17.15 on the girt line, then again ft the mean Samer 55.6 


on the gut line, = 1 7 gallons anſwer. 


25.6 K 25-6 K 40 
F = 89.7 gallons auf. 


The length of a ſhip's keel, 5 at the 155 
given, toſiad her cunzge. 


By Scale and Compaſſes, 
Extend from S X 2 2 13.71 to the banadek of the 


beam, and that e xtent turned over twice the ſame way from 


the length of the keel, falls on the anſwer. 
If a ſhip's keel be $4 feet and the breatlth at the. beam 23 


- | feet, required the tunage of that ſnip? 


Extend from 4 ;. 7 1 to*the bread that the beam 25, „ een 
extent turned twice over from the length of the keel 84, falls 


at laſt on 279 2 the tunage required, 


25 X 12:5 X84 


By the pen * 


= 259.2 pro 


The conſtruction of the pl 


lemi. tangents. 


drant CB, let fall 
will thereby be divided i into a liue of ſines, to be numbered 
from E to C. . 
Sch. For the chords, the arch CB being divided into 
nine equal parts, in the points 10.20.30, &c. if lines be 

- conceived to be drawn from C to each of theſe diviſions, 
they will be the chords of their reſpective arches, wherefore 

ſeting one foot of the —_— in the point C, and trans- 
fering the ſeveral lengths C 10, 

C, it will thereby be Livided i into a line of chords. 2 
The ſeveral lines which in the figure are drawn through 


an W 11d. 15m, 


2 . ** 
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By ſliding Rule, 


Set the length of the keel 84 on the ſlider, to 13.71 on the 
line, then again 


ne 25, ſtands 279.2 tuns on e the anſwer. 
Scale. Pl. I. Fig. 1. 
The plain ſcale is an inſtrument of utility in navi- 


gation, &c. for ſolving the caſes of plain, traverſe, parallel, 
mercator's, and middle latitude ſailing, &c. 


iſt. with any radius as C E deſcribe the ſemicircle CBD, 


at E and C raiſe two diculars. as EF and CG, divide 


the arch CB into g equa] parts; from the centre E, through | 
the ſeveral diviſions, draw lines to cut the perpendicular, 
CG, which thereby becomes a line of tangents. | 
gents, let lines be 


: 2d. For the ſemi-tangents, or half tan 
drawn from the point D, through thefame diviſions upon rhe 
arch CB, and they will divide the radius BE into a line of 
Per Ea. 3 and zoth. 

3d. For the ſecants, transfer the lines drawn ſom the 


center through the ſeveral diviſions of the quadrant CB, to 
form the line of tangents, to the line EB produced to F, fo 


ſhall the line EF become a line of ſecants. 
4th. For the fines, frum the ſeveral diviſions of the 
dicularsupon the radius CE, w ich 


C 20, C 3o, &c. to the line 


every tenth degree, might in the ſame manner be con ſtructed 


to every degree, i if the arch were large enough to contain ges 


diſtin diviſions in one quadrant. 


Sth. For a line of rhumbs, divide the ack DB into 8 
equal parts in the points 1.2.3.4, &c. then ſetting one foot 
af the compaſies in D, transfer the ſeveral diviſions D 1, Ds. 

D 3. from the arch to the line DB; which by this means is 


divided into a line of rhumbs, each of which wall anſ wer to 


The 


& the breadth at the beam on the girt 


- the log. fines of 6 F.ong? 


> — 
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The conſtruftion of GunTz8's ſcale called by navigators 
ſimply the Gun r ER, which is a large ſcale two feet long, and 
about an inch and a half broad, with artifical lines deline- 
ated on it, of great utility in ſolving queſtions in Trigono- 
metry, Navigation, &c. 3 
GunTen's line of numbers, is properly a logarithmic ſcale 
of proportionals, or logarithms in minature. 1 
Therefore if you make a line of 1000 equal parts, _ 
to the diſtance on the line of numbers, from 1 to 10, 


from 1 ſet the log. of 2 3011 
bh ES — SE. 
129 From the ſcale of 
5 7 % e. 
2 
8 = 90314 
9 = 954- 


And the diftances will repreſent the numbers 2. 3. 4. 5. 6. 


Kc. on Gunter's line of numbers, as per Fig. 2. Plate 1. 


To conſtruct the Line of Logarithmic ſines on 


Gurk R's ſcale. Fig. 2. 


From the ſcale of equal parts, take the numbers expreſſing 


the arithmetical e 1 purer of the log. ſines of the ſuc- 
x ſcale deſcending 

orderly from go deg. theſe diſtances, ſucceſſively laid from 
the mark repreſenting go deg. at the right hand end of the 

| ſcale, will give the ſeveral diviſions of a ſcale of logarithmic 
fines, | OT 


ceſſive degrees, intended to be put on 


Or thus as all the degrees from 6 to 90 fall on cne radius 


10 239 
I 
„ _— 
40 F are 4 808 > radius 1000 
00-1: =_ 
1 | 937 
TTT 
80 J - 902 | 


Theſe points :ran_ercd .rom the line of equal parts, to 


en 


on the beginning of the line you would graduate, ſet 1, and 


LE” PI" 
— < 


tne 
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che line of fines as per figure, gives the reſpective diviſions 
NN 
divifions, &c. h 8 


To conſtruct the Line of Logarithm, Tangents, 


on GuxrER's ſcale. Fig. 2. 


I heſe are laid down in the fame manner and for the ſame 
reaſons, that the fines were, the tangent 45 deg. ftanding 
_ againſt —_— eg. jor” Cs 
7 iſions for tangents above 45 deg. are reckoned on 


The di 
the ſame line from 45 deg. towards the left hand, or any tan- 


gent, and its co. tangent are expreſſed by the tame diviſion. 


Thus one mark ſerves for 40 and 50 degrees and the di- 
viſion at 30 ſerves for 60 deg. that at 20 for 70 deg. and fo 
for all the reſt of the intermediate diviſions. 


To conſtruct the Line of Logarithmic verſed 


ſines on GuxTER's ſcale. Fig. 2. 


From the line of logarithmic fines, take the diſtance be- 
| tween go Geg. and any ſine; that diſtance, being twice re- 
peated from the termination of the line of verſed tines, 
painiigo deg. will ive the divition for twice the compli- | 
ment of that fine or arch. 5 5 
Thus extent from ſine go to ſine 70, twice turned on the 
verſed fine gives the di viſion of 40 = 20 Xx 2 that is twice 
tlie compliment of 70, alſo the extent from go to 40 on the 
fi: es gives the mark or diviſion n the veried fines corieſ- 
pending to the compliment of 40= 50 X 2 = 100 and ſo 


— 


of others. 


To draw a Line through a given Point m, Pa- 


rallel to a given Line AB. Jig. 3. 


With any ſuitable radius, ſet one foot of the compaſſes on 


the point 2», finike the ach x z to cut A B in x, then with 
one fo ton æ& rike the arch n to cut AB in , make with 


your comple. x z = m #, then a ine drawn through m x, 


will be parallel to A B. V. V. R. 


ro 


Fre 


— — — 


—— 2. 


* 
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To raiſe a Perpendicular at a point A, taken 


any where in a Line B C. Fig. 4. 


With a convenient radius, and one foot of the compaſſes 


on A, ſtrike x, x, , make xz= 2n = x A, and with the 


ſame radius and one foot on ⁊ ſtrike the arch a, alſo on « with 
the ſame radius ſtrike the arch 6 to interſe& the arch à in 4; 
draw the line A 4, and it ſhall be perpendicular to the line 
BC at the point A. V. V. R. | 


Jo let fall a Perpendicular from a given point 


d, to a right Line BC. Fig. 5. 


Draw a line from the given point 4, to the line BC 
as x &, on the middle thereof, as at æ ſtrike the arch x 
A., to cut B C in A, draw dA, and it is perpendicular te 

Se. K :-:; Be 


To Project, or Meaſure any right lined Angle. 


Fig. & 
Firſt draw a line, then with a ſweep of 6o from your ſeale 


| of chords, ſet. one foot on the angular point A, and firike the a 
arch n, on which arch ſet the chord of the propoſed angle 


from m to , then through A and », draw a line, and the 
angle is made. If the angle to be projected be obtuſe, 
take the chord of half thereof, and turn it twice on the 
arch m . 5 e Es 


To Meaſure an Angle, as the Angle e = | f j 


r Fig. | 6. 


At the angular point with a radius of 60 deg. from your ſcale 


of chords rike the arch mz, then take as » in your com- 


_ paſſes, which apply to your ſcale f chords, and you have the 
meaiure of the angle required, if it be acute or under 90. 


If more than go or obtule, ſet. go firſt on the arch, and take 
the remainder, which apply to your chords, and add that re- 


mainder to 90 for the meaſure of the angle required. 


2 dis 


2 — 140: the leſs leg B C nearly 


* Ry — —_ — 
I Py 
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TRIGONOMET Rx. 


RIGONOME TRL, is a word derived from the 

Greek, and implies the meaſures, relations, affections, 

properties, and proportions ; among the ſides and angles of 
all ſimilar plain triangles, 


I. Every triangle has fix parts, Viz. three ſides and three 
angles. 


II. Any three parte! bein * b the three angles) 


the other three may be foun 
III. In all right angled triangles, if the 8 be 


made the radius of a circle, the other two ſides or legs, are 
the fines of the oppoſite angles. 
IV. But if one leg be made the 2 of a circle, the 


the hy pothenuſe is the ſecant, and the other leg is tangent 


of the angle at the centre. 


V. In all right angled, right lined triangles, the ſum of 
the two acute angles is go d , and all the three angles 


in one ſum are 180 degrees, erefore if one acute angle be 
ſubtracted from 90 Drees, —— is the other 


angle. 


1 the e of Proportions * 


1. To find a ſide, begin with an angle, but to find an 
angle begin with a ſide. | 
H. As the ſine of any angle: the oppofite fade : : the | 


fine of zhy other angle : its oppoſite fide 


III. As any fide : the fine of its oppoſite angle: ano- 
tl er fide : the fine of its oppoſite an 


IV. As one leg: tangent of ra w- 45 degrees: : aus 


other leg : tang ent of its oppoſite angle. 
V. In the tip ht angled triangle A B C, Pi. IL. Fig. 1. let 


I B the baſe, hel longer leg, 4 C the hypothenuſe, and 


BC the p -rpendacular, or ſhorter leg. 
VI. As AC + = the longer leg: 86 a een number 


: ſhorter leg: che! teſs E. nearly. 
VII. N 5 be put for the 8 in che Is 4. then, 


bd. 4 IITXTITTTTTY 
1 TAT FTT rr rr rryrr 2 
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UM © $8 
e 1 | 1 
| VIL As1:1—= ::4C: 4 B the greaterleg. | 
— | ge DD IE - 
X. VIiBxXAB+BCXBC=AC. 
x. VATC*x AC—AB x AB=BC. 


xl. VAITxAC—BCxXBC=4dB 
XII. 4C +BC:R:: 4B. : Tangent of half the C. 
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Example in Caſe 1ſt. of right angled triangles. Given 
AC, 125 miles, ind C at A 37 deg. 40 m. to find baſe AB, 
and perpendicular B C. Pl. II. „ e 

Solution, Iſt. Geomerrically by the plain Scalo. 
 1|t, draw a line AB, at A make an Z. = 37 40, then 
draw AC = 125 from 1 ſcale of equal parts, and from C 


9 - 
— — — * 
. ͤ — u 
- \ By b hn 
Fo _— gy — - 
— » - — = ra _ 
- 


Jn <> <— 
— — 2 2 — — — 
1 — — 


—— 


—— 


8 


_— « 


5 rr. 
* r « af N Nan ö 
% ' g 


1 


NAVIGATOR; 


let fall the perpendicular B C, fo ſhall A B meaſured on the 
ſcale the was taken from be 99 miles, and the 
f BC, 76.4 nearly. 
24. By Lagarithns, Vor the bo 4B. 
| As radius go ©. 10 

 _—_ AC 125 m. 2. 0969 

S. L at C 52 20 9.89849 

: Baſe AB 99 m. 2 995⁴4⁰ 


For the Perpendicular B C per Logarithms. 


As radius go 00 10 
Hypo. AC 125 m. 2. 99 
22 : Sine C at A 37 40 9.78608 


: Perpendicular B C 76 4m. 1.88299 
334. By natural Smes Arithmetically. 


— of 37 deg. 40 m. = .611 and of 52 20 
79! 
As 1: 125: : .7916:-99 = AB nearly. 
= Por the perpendicular BC. 
45 1 125 :: 611: 76.3 238 C. 


A 4th. **— by GUNTER's Scale, on fines and 


numbers. 
Extend from fine go deg. to FIR 52 20, and that extent 


will reach from 125 on the line of numbers to 99 on the 


ſame, = AB ; and the extent from ſine 90 deg. to line 37 40 
reaches from 125 to 76.4 = BC. 


5th. By GunTER' s Scale on the line of numbers only. 
Extend from 1 to ,79 and that extent reaches from 125 to 


99 = AB; again the extent from 1 to .611 reaches from 
125 the ſame way to 76.4 =B C. 


eb. By B. MARTIN's ſliding cue, on - tio 


numbers. 
Set ſine go on the flider, to fine 52 20 on the rule, chen 


againſt 125 on the ſlider, ſtands gg = AB on the rule. 


Again ſet fine go on the ſlider, to fine 37 40-0n the rule, 


22 — ws on the ſlider, ſtands 76.4. on the rule = 


=th, 


gives 99 the baſe AB | 1 
gth. By Arithmetic only. To find the leſs by B C, Plate II. 


„„ 
A nearly. 


manner, obſerving the proportions and theorems. 


Draw the line A B = gg from a ſcale of equal parts, 


paſſes as a radius from the ſame ſcale, and one foot on A 
ſtrike an arch, to cut the perpendicular in C, draw A ©, 


40, and B C on the ſcale of equal parts 76.4 miles. 
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7th. By ſliding Gunter on numbers only. 
Set 1 on the {lider, to the natural fine of 52 20 = .791 n 
3 then againſt 125 on the ſlider, ſtands 99 = A B on 
rule, 
Again ſet 1 on the ſlider, to .61 on the rule, then againſt 
125 on the ſlider, ſtands 76.4 A B on the rule. 


8th. By the Seclor with line of lines and fines, 


Take the hypothenuſe A C 125 from the centre of the 
ſector laterally on the line of lines, open the ſector, and ſet 
that extent ſectorally to go on the ſines, then the E. at A 37 
40 taken ſectorally in the line of fines, and ſet trom the 
centre of the line cf lines gives 76.4 —=B C; alſo. as the ſec- 
tor ſtands take the C. at C 52 20 ſecto ally on the fines, and 
ſet it on the line of lines from the ſector's center latterally 


67 


Fig. 1. Theo, 7th. 


nr 1.5206, $7.9. I .113 and 
37-6 | 1000 Sn, 8 
6 ＋ . 113 = 1.6336. as 1.6336: 1 :: 125 


To find A B. per Theo. Sch. 
„„ IE EOS Ne. . 
10000 


: 125 : 98.5 = 


ory 125 K 125 — 76.4 * 76.4 = 98.9 = AB. 

N. B. Caſe 2d. and 3d. may be ſolved after the ſame 

Example in Caſe 4th. Given AC 125m. and AB ggm. 
to find the angles, and leg B c. 

17. Geometrically by the plain ſcale. Plate II. Fig. 1. 


make B C perpendicular thereto, then with 125 in the com- 
then meaſure the L at A on the ſcale of chords = 37 


24, 


* 
" 
" 
ff 
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8 2d. Ey Logarithms for the L. at C. | 
As hypo. AC 125 2.09591 a 


Radius or fine 90 oo 10. 

: Baſe AB 99 1.99540 
: Sine of E at C 52 20 9.89849 
| which A og. 00 


— —-—᷑¼ 


Remainder 37 40 is the 2. at A. 
Io find B C, ſee the proportion in the ir aſe wrought 
out. | 


34. By the table of natural fines for C. at C. 
As125:1::9 2==nat. ſine of 2 22 the E. at C. 
3 the table le 18-52 15 and oi per d is 52 


30 r the difference 7m + 52 15 52 22m £ C. 

Then w OO — 52 22 = 37 3B . at KA. 
* nearly n line of 4 
at A 37 38 


4th. * 26 GonTes' s ſcale on the line 7 mums 
As AC 125: 3 : ABgg: fine 2 22 C. at C. 
Extend from the ” term, to the third on the line f 
numbers, and that extent ſet from the ſecond term on the 
line of ſines, falls on the anſwer on the fame line. 


5th. By GUNTER's line of numbers only. 


See the proportion in the third, and extend from the firſt | 
term 125. to the third 99, and that extent fet from 1 at the 
end of e ſcale falls on .792 the natural ſine ee 
Z at C. i 


6th. By Mr. Man ri 8 ſiding Gunter, for the 2 at 
C, ſee the 2d. of this example by Log. 
Set the firſt term there 125 on the ſlider, to the third term 


99 on the rule, on the line of numbers, then againſt the 2d. 
term fine 900 on the ſlider, ſtands the line 52 20 on the rule 


= the Z at C. 


7th. *y ſiding G GuwrTzs, an the line of numbers rh, for 
| the L at C, ſee the 3d. hereef. 


© Set the firſt term there 12 5 on the {lider, to the third term 
99 on the rule, chen againſt the ſecond term 1 on the ſlider, 


ſtands 


ande .792 en the rule which is the natural fine of 52 20 
the . at C required. ; 


_ orally, and it will give 52 0 20 the . at C. 
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| Brb.” By the Sector, to find the C. at C. 
Take the hypothenuſe A © laterally from the line of 
lines, fer it ſectorally to fines go by opening the ſector, ten 
take the baſe AB gg lateraly, and apply it to the fines ſec- 


To find the perpendicular B C. 


| Sector as ſet in the laſt, take the 4. at A 37 40 ſeRorally 
which apply laterally, gives the 3 


B C 76.4. 
10th. To find B C Arithmetically. 


9 X12 - _ 
5—99 x 99 = 76.4 =BC. 
n for the Z. at A. See Theo. VI. Ws 


1 2 125 + 49-5 : 86: 76.4: : 37.6 = 37 40 the 4, 
10 | : 


N. B. Thus alſo may caſe 5th. and ch. be folved, | 


—_w— 


NAVIGATION. 


| Definition 1. 8 
FAVIGA TION comprehends the guiding and di- 
recting a ſhip upon the ocean, from one place to ana- 
ther, out of fight of land, and alſo to compute the ſhip's 
way on the ſea, ſo as to point out the latitude and longitude 


in, at any propoſed time; and alſo at auy time to diſcover 


what courſe to ſteer, and how far diſtant from any port. 

II. Latitude of a place or of a ſhip at fea, is the neareſt diſ. 
tance of that place or ſhip to the equinoctial line, reckoned 
in degrees and minutes, Yar cannot exced go degrees. 


N. B. The poles are go degrees from the equinoctial line 
or equator. 


The terraqueous Globe, ed of land and 


| water, 1s nearly of 2 fpherical form, proved by the fol- 


lowing obſervations. 5 
*1|, Men on board a ſhip at ſea, may be out of ſe of 
„ e e . land, 


far 2s 180 degrees, 


F 2a  WAVIGATON. 


land, when that land is near enough to be viſible, if it were 


not hid from the eye by the convexity of the water. 
d. The higher the eye is elevated above the ſurface of 


the earth or ſea, the further the view will be extended, as 
failors from the top of the ſhip's maſt, diſcover land or other 
ſhips at greater diſtance, tian they can do upon deck. 

3d. To thoſe that ſtand upon the ſhore, the higheſt parts 


of a ſhipare viſible to the greateſt diſtance ; for if we ob- 


ſerve ſhips ſailing from the land, firſt we loſe fight of the 
hulls, then of the low fails, and laſt of the topfails. 
Ach. Several navigators have failed quite round the 


Z 2 13 of the heavens, both on the land 
and the ſea, aze ſuch as-they, would be if the earth were a 
globe. 1 — : 


IV. As to the earth's dimenſions, it will be ſufficient for 
our purpoſe to call it 360 degrees about, each degree 60 
miles or minutes. : „„ : 
V. The Equator, or as Mariners expreſſe it, (the line) 


is an imaginary great circle on the earth, ſurrounding it 
from eaſt to weſt, equidiſtant from its two poles, 2. | 
it into two equal hemiſpheres, called north and ſouth la- 


VI. Poles, are two imaginary points, each go degrees 


| diſtant from the equator, calle i north aud ſouti pules. 
VII. Meridians, are imaginary great circles ſurrounding 


the globe from north to ſouth, cutting the equator at fight 


angles, all meeting at the two poles, and every Place, on the 


earth or ſca may be tuppoſed to have one. 


VIII. Difference of latitude, of two places is an arch cf 2 oy 


meridian, contained between the parallels of latitude, paſs- 


ing through thoſe places, and is meaſured in degrees, and 
mies or minutes, 60 to a degree. . 
Xl. Parallels of latitude, are leſſer circles parallel to the 

equator, conceived to be drawn from eaft to weſt, through 


all the poinis of a meridian, from the equator to the poles. 


X. L-ngitude of a place, is an arch ot tie equator, con- 


contaired. hetween the firſt meridian (ſupp ule that of Lone 
don) and the meridian of that place, this is alſo meaſured in 
degrees and minutes, whereof 360 extend round the glob:. 
N B. It a place be to the weſtward of London, it is in 
weſt longitude, if to the eaſtn ard it is in eaſt longitude, as 


” 


1 


1 


FI 
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NI. Difference of longitude, is an arch of the equator 
contained between the meridians of any two places, or it 
is the angle at the pole contained between the ſa id two me- 
ridians. For every angle at the pole made by any two me- 
ridians, is meaſured by an arch of the equator contained 
between the ſaid meridians. 
XII. Departure in plain failing, is the whole caſting or 


weſting, a ip continually makes during any ſing le courſe, 


paſſing from one meridian to auother. ; 
XIII. Meridional diſtance, or difference of meridians, of 


any two places of different latitudes and longituces, if 


reckoned in the greater latitnde, is leſs than a ſhip's depar- 


| ture ſailing from place to place ; but if reckoned in the leſs | 


latitude, it is greater than the laid ſhip's departure, which 
is conſtant on two oppoſite points when the diſtance is the 6 


XIV. Corſe at fea, is the angle chat a ſhip's way makes 
with the meridian. 


XV. Rhumb, «x rhumb line at ſea, is the track aſhipdeſcribes 
during one c:urſe, this track croſſes all meridians at equal 


anz les, ccniequently is a ſpiral line upon the furface of the 
globe, continually approaching the pole; except failing caſt 


or weſt, when it coincides with a parallel, ano north or ſouth 


coinciding with a meridian ; in the former caſe the ſhip ap- 
- proaches not the pole, and in * latter ſhe approaches it 
directly. 


Prop. iſt. The latitndes of two Places given, to find their 
diffe. ence of latitude. 


Caje ſt. If the places are b ch on the ſame fide of the 


| line, that is both in north or both 1 in ſouth n their 


Hitterence 1s the diff. of latitude. | 
Admit cape Finifer in latitude 43 6 north 
And cape Henry in 37 O nuith. 
| Subtrafted gives 6 6 366 wiks 
| the difference of latitude required. 


| Caje 24. If the places are on contrary ſides of the line, 
ond in north and the other in ſouth latitude, their ſum 1 18 che 85 
difference i latitude. | 
Admit Madaga car Il. in a lat. 20 oo ſouth 
And Maucirs 25 in 3: 17 north 
2 17 = 3137 m. 1 
cheir ditierence of aral. Which was e. Pros 
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Prop. zd. The latitude of a place ſailed from, and a 
ſhip's difference of latitude therefrom given, to find the la- 
titude ſhip. 
| Cafe iſt. In north latitude failing northerly , or in ſouth 
latitude failing ſoutherly, the ſhip from the line, and 
the difference of latitude adds to latitade failed trom, 

for the latitude ſhip. 

Admit a ſhip fails from cape Clear i in Ireland in latitude 


51 10 north; northerly untilfher difference of latitude be | N 


132 miles, required the latitude ſhip? 
To latitude cape Clear 51 10 north 
Add difference latitude 132= 2 12 north 


Latitude ſhip 5 $3 22 north 


Caſe 24. In north latitude failing ſoutherly, and in ſouth | 
latitude failing northerly, ſubtract the difference of latitude 
from the latitude ſailed from, and you have the lat tude ſhip, 
ſo leng as the latitude ſailed from exceeds the difference of 
latitude, but if the difference of latitude be greater, iubtract 
2 latitude ſailed from, from the ſaid difference of latitude, 
ou have the latitude ſhip, of a contrary name to that 
ale from, for the ſhip has croſſed the line. 
— a ſhip fails from the Iſland Borgo latitude 60 © 40 | 
north, until her difference of latitude be 250 — to the 
ſouthward, required the latitude ſhip? 
From Borgo latitude 60 40 north 
Subtract diff. of latt. 250l. 12 zo ſouth 
L.atitude ſhip 48 10 north 1 
Again admit a ſhip ſails from the Iſland Borneo in 1 32 
north latitude, ſoutherly until their difference of latitude 
52 leagues, required the latitude ſhip ? 
From diff. of lat. 52 leagues = 20 36 fouth 
Subtract lat. of Borneo = = 1 32 north 


Latitude thip. 1 04 ſouth 


PLAIN SAILING, or failing ent re- 
gard to longitude, 


"hs Plain Sail: ng there are three varieties. 
iſt. MxRIDIONAIL SAILING, or ſailing due noch or ſouth 
upon a h on the diſtance lailed, i is tlie difference 


We. 


1 


BY BFS. * 


; 4 7 py 
"WMA 3; 2 TOW N 
1 


grees. 
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of latitude, and as the ſhip's way makes no angle with the 
meridian, there can be no Nh III 


TY EQUATORIAL SAILING, or failing due eaſt or weſt 
under the equinox or on the equator, or line, then the diſ- 


tance failed is all departure, and there is no difference of 


latitude, in this caſe the Or. 15 equal to the difference 


of lon gituds . 


3d. bees SAILING, or when ſailing Arby Gang 


termediate point or rhumb, we muſt conceive a triangle 


ed A BC, Pl. 2. Fig. II. in which A repreſents the — ſailed 


from, C the place ſailed to; the hypothenuſe A C the diſ- 


tance ſailed, the leg AB the difference of latitade, the other 


leg B C the departure, the EC at A the courſe, and the C at 
C the compliment of the courſe. 


Lemma 1f/. If the courfe and compliment of the courſe 


be equal (vir four points from both the meridian and pa- 


rallel, the diflerence of latitude and W will alſo be 
equal, whatever the diſtance be. 

24. If the courſe be leſs than four points, the difference 
of latitude will be greater than the departure. 


| 3d. If the courſe be more than four points, the departure 
| will exceed the difference of latitude. | 


4th. In the north eaſt and north weft quarters, the courſe 


reckons from north, and in the ſouth eaſt and ſouth weſt 


quarters, it reckons * ſouth. 


5 5. The compliment of the courſe, is what the courſe 


wants of eight points, or quarter of the compaſs. 


6th. The mariners compaſs conſiſts of four quarters, each 
eight points or 32 in the whole, correſponding to 360 " "op 


grees 1n a great circle, or 90 in a quarter. 


Whence — = 11% =11® 15 = r poirtof the compaſs 


7th. To turn Rhumbs or Points into 1 
Multiply 11 15 by the rhumbs or points propoſed, 


thus, jet N. E. by E. or 5 points be turned into degrees ? 


11 15m. X 5 569 15m. anſwering to N E. by E. 
Again let W. N. W 3 W, or 6 f points be turned into de- 


F 1 point 
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1 point is 11 15m, 


Which x 6 2 
6 points = 67 30 1 
o_y $ 37.39 


Wi. N. W. 2 W. 26 4= 75 5615 
But in calculation 75 36 is ſufficient, 
8th. To turn Degrees and Minutes into Points 


Divide by 110 15m, and the quotient is points. 
Let 75 56m. be turned into points? 
11®15)75 56(6 3 points nearly, 


67 30 
Remainder 26 X 4 = 33 44 


„ 
11 this Vary are fix Casxs. by 


Cs 1ſt. Courſe ad diſtance run given; to kind the 
difference of latitude and prune. . 


Suppoſe a ſhip ſails 150 miles N.E. beN. 2 E, required che 


difference of latitude and departure? 


Sol. 15. Geometrically hy the plain 5 pl. 2. Fig. II. 
Draw A B the meridian ; make the Lat A 32 points, 


hen make AC= 150 miles from a ſcale of equal parts, 

rom C let fall a pe pendicular as CB on A B, then AB 

| meaſured on the ſcale A C was taken from is the difference 
of latitude 116 miles, and B C 95 mes the PIO. 


24. By Logarithms, fer departare BC, 


As radius or fine 90 oom. 


10 oo 
diſtance A C 150m. 2.17609 
: : Sine of courſe 39 22m. 980228 
: Departure B C 8 17977 


£1 


TE 


Li 


and a half 
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As radius or 9o oom. 10.ooooo 
ay AC 150m. 1.17609 
: Sine comp. coarſe 50 3 gm. 9.88823 
: Diff. of * AB 116m. 2.06432 . 
N. B. In working proportions by log. add the log. of 


the ſecond and third terms, and from that ſum ſubtrack the 


log. of the firſt term, and the remainder is che — of the 
fourth term or anſw er. 


3d. By GUNTER's Scale with Compaſſes, on the line of 
| Sines and N — for departure B C. 


As fine go o: 150 : : fine 39 22 : 95 le. 
Extend from the firſt term go oo to the third term 39 22 
on the line of fines, and that extent ſet from 150 on the 


line of numbers the ſame way (Which ys obſerve) falls 


on 95 the departure. 


For di en of Latitude. 


A. Sine go ©0 : 150 : : Sine 50 38 : 116 = A B. 
Here the extent from the firſt term, to the third on the line 
of ſines, reaches the ſame way from the ſecond derm, to the 


fourth on the line of numbers. 
4th. By GUNTER's Scale with Compaſs, on the line of 


Rhumbs and Numbers. 


Firſt, for Departure. 


As ſine 8 points : diſtance 150: : line 3 and a half points 
: 95 the departure. 


Second, for difference of Latitude. 


A ſine 8 points: diſtance 150 : : fine 4 1 a half 
points : difference of latitude 1 ” 


Here you may extend from tle firſt term to the third on 


the ſines of the rhumbs, and that extent will reach the ſame 


way, from the ſecond term to the fourth or anſwer. This 
method is general. 


Or thus, extend from ſine 8 points to the diſtance 1 50 « = 
the line of numbers, and that extent ſet on fine of courſe 3 


ints, falls on 95 miles the departure on the 
line of numbers. 


And the ſame extent fer on ſine compliment of courſe 4 
and a half points, falls on the difference of latitude 116 m. 


on the line ot numbers, and fo fo; others, 


F 2 | 5th, | 


| 76 | NAVIGATOR's 


5th. By the table of Natural Sines. 


Natural fine of 3 and a half points is 634 and Ditto of 
N cf coarſe 4 anda half = 772. 


. 0 95 the departure, for 150 X 634 
= 2 1 


Ab, 1 : 190 : 2 : 116 m. the difference latitude 
for 150 * 77 = 115.8 miles. 


btb. By GuvTER's Scale with Canpaſie, on the line. 
F numbers only. 


tos be . in the fifih of this caſe above, and ex- 
tend on the line of numbers as directed by che general me- 
tho. in the f urth hereof. 
7th. By Mr. Max rix's fliding Rule, for dedarture 
e and difference of latitude. 


9 15865 Diſt. 'v. Cou. Dep. | 
As 90 co: 150 m.:: 39 22 95. . : 
> 5..." . F. of lat. 
And 90 oo: 150 50 BW: | 
Set fine 9. the firſt term on the ſlider, to _ the "INE" 
term on the rule, then againſt fine 39 22 the third term, on 
the ſlider ſtands gg the on the rule; and alſo 


_ againft fine 50 38 on the luder, ftands 416 the differencs of 
latitude on. the rule. 


£th, By Mr. ne $ fliding Rule, an the line if 
numbers only. 


See the fifth, ſet the firſt term on the lider, to the ond 
term on the rule, then againſt the third terms on the flider, 
and the anſwers or fourth terms as the re | 


gth. By the Trawerſe Table, 


Find the courſe 3 and a half, at the top of the table of 
Kſference of Latitude and departure, then againſt 150 the 
diſtance ſailed, under lat. ſtands 115.9 the _— = 


latitude, and unt ler dep. Goods 95-1 the departure, w 
was required, 


10th, 


10th. Arithmeticalh. 
iſt, e Ep 
Courſe N. E. by N. Z E 39 22 = 39.36 degrees. 


> 23 39:26X3, :: 180: ture. 
* 39360 _—_ 50 95 depart 


2d. Fur difference of Latitude.” 


: 150: 2115.1. the 


A311 1.5 X 39-36X 39:36 .. 
= 
difference of latitude. 
Or thus after departure i is ; found, by the ſquare root. 


* 150 X 150—95 X95 = 116 difference of latitude. 


| Casz ad. Courſe and difference of latitude given, to 
find diſtance and departure. 

Admit a ſhip fails N. E. by N. 2 E. until the differ- 
ence of latitude be 116 miles, required the Giftance and de- 
partare. 

Sol. if Cnmaricatl Plate 2. FI ig u. 


| AB the meridian = 1 16 miles the difference of 
Latitude, from a ſcale of equal parts, make an E. at A = 3 
2 points, at B raiſe a perpendicular to meet A C, then will 
AC meaſure the diftance 150 m. and B Cs the departure, 


| 2 the ſcale chat A B the differen. of latitude was taken 
om. | 


2d. By Logarithms, for diane 2” 
As fine comp. of courſe 4 2 points, or 50 38—9. 88823 


| + difference of latitude AB 16m. 2. 06445 
:: radius 8 points, or fine - go o 10.00000 | 
: diſtance failed AC 150m. 2.17622 


For departure as in Caſe the it, 
30. By Scale and Compaſſes. A general rule. 


Extend from the firſt «term, to the third, and that extent 
3 ſes 


7 NAVIGATOR 
& 6 the ſame way from the * fourth or 


4th. By Mr. Mn ing Ru. A gere al rule. 


Set the irg tem on the ſlider, eke dock term on the 


rule, then againſt the third term on the ſlider, ſtands the 
fourth or anſwer on the rule. 


Case 3d. Courſe and departure given, to find diftance | 
and difference of latirude. _ 


Admit a ſhip fails N. E. by N. * E. until her ine 
ture be 95 miles, required the diſtance ſatled and difference 
of latitude, 5 - 


$0. 15. Geometrical. Plate 2. Fe IT. 


5 Draw the Meridian A B, at B raiſe a cular, on 
which ſet from B, the departure 95m. to en at C make 


an angle of 4 points the compli 
produce C & went the werkdian ir A, chen A C meaſured 


on the ſcale B C was taken from is 150m. the 6 
AB che difference of latitude meaſures 116 m. 


24 By Logarithms, for 4 diftance A . 
As fine of courſe 3 4 points, or 39* 9 


3 departure B 3 9 m. 1.97837 
: radius & points, or ſine 90 oo k. oo 
: diftance A C From, 3.177509 


For difference of latitude A B, ſee the ſecond of Caſe ift. 
34. By natural Sines fer diftance. 


Per table the natural fine of 3 T yl is 634 and of 4.2 = 
9 
2634 95 12 1149.8 or 150 nearly. 
Feor the Difference of Latitude. 
As .634 : 95 : 4772 5 115.7 nearly. 


©/then at © make | 
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ath By Scale and Compaſſes, and by fliding Rule ; ; 05 di- 
ractad in the 24. Gafe. 


Cary 4th Diftance and 33 given, to and courſe 
and difference if latitude. 
Adant a ſhip fails into the N. E. quarter 150 miles, and 


have made 95 miles departure, required the true courſa and 
difference o — | | 


Sol. If Geametrically. Plate 4. Fig. II. 


Draw a meridian or north and ſouth line, at a point as B, 
raiſe a ndicular to the right hand, becauſe the courſe 
is into the N. E. quarter, then ſet thereon 95= BC, then 
with 1 5 in your compaſſes as a radius ſet one foot in C, 
and with the other ſtrike an arch to cut the meridian in A, 
the place failed from, draw A C, and i * cone, for the £ at 
A meaſured on the ſcale of heads is 3 2 points, the courſe 


_ fromthe north eaſterly or N. E. b N. E. allo AB mea- 
ſures the difference of latitude 116 m. 


24. By Logarithms, for courſe. 


fla diſtance run A C- - - - 150 m. 2.17609 

. Radius 8 points, or fine - - 90 00 £0.00000 
Departure B G G - o& m. 1.97772 

. Sine of courle 3 and a half points, or 39 18 9 80163 | 
For difference of latitude as per caſe firſt. 


F | 34. 2y natural Sines, for Courſe. 


As 150 '1: * of; 630 anſwering in the table to 
3 and a half points, or N. E, by N. half E. 


mY 4th. Arithmeticalh, , * di ference of Latitude. 
9 * 150 — 95 * 95 = 116 the difference of 
latitude, 
| For Hook 
3 As 150 + =, 95 39.27 degrees = 39 16 
2 = = 3 and a half pon a6 befoxe. 


= 3 
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116 . 
Or thus, As 18 + — '9- : : 7% : 3 points. 
or, As 208: 95 :: 7-6: 3.5 25 before. 


- 


Cas 5th. Diſtance and difference 4 latitude given; to 
find courſe and departure. 


Admit a ſhip fails into the 8. W. quarter 184 miles, and 


has made 120 miles difference of AY e the true 
cow fe and departure. 


Sol. 1. Geometrically. Pl. 2. Fig. III. 


Draw a meridian line, and at a point as at B, raiſe a per- 
pendicular to the left hand ſide of that line, 'becauſe the 
courſe is weſterly, ſet the difference of latitude 120 miles 
from B upwards to A, then with the diſtance in the com- 

_ Paſſes 184 miles, and one foot on A, cut the perpendicular 
in C, draw A C and its done; for the £ at A meaſured on 
the rhumbs is the courſe 4 and a half points or S, W. 
half W; and B C meaſures 139-4 the departure. 


24 By Lagarithms, fur Courſe. 
As diſtance AC - 184 oo 2.26481 
_ 2 Radius 8 points, or ſine 90 og 10. o 
: difference of latitude AB 120 og 2.07918 
J Sin. Com. cou. $ points, or 40 42 9.81437 
Which ſubtract from 8 points, or go ole) 
Courſe 4 2 or South 49 18 W. orS. W. 4 
For departar as in Caſe 1ft. 


3d. — Natural fines, for Courſe. 


A185: : .648 Anſwering in the table to 
3 and a had wake 5 "And Þ 8 points — 3 anda 8 4 
and a half = S. W. half W, the courſe. 


| For the Departure 
| 1 7 é — 


1— "048 X X 70 = 76 the natural ſine of 49 
deg. 10 minutes, or 4 and a half points nearly. : 7 
ben 


 VENI-MECUM 5 
Then, As 1 : 184: 76: US” 2 = B C the de- 
parture 


4th. Arithmeticall, FE Departare BC. 
Vx 7 -ogith 120 X 120 = 139.8 =B Gs 
| Then for Courſe 


As1 4 22; 120 : : 74 nee points 


nearly, and its com 3 nes, S.W.c W, is 
the courſe, l 45 om 


Cask 6th. Difirence of latitude and e given, ta 


find courſe and diſtance. 


Admit a ſhip fails into the 8. uarter, until 15 dif- 
ference of latitude be 120 miles, = r departure 140 m. 
query the true courſe and diſtance. os 


Sol. I. Geometrical, Pl. 2. Fig. III. 


8 te merkow AB = 120 miles the difference of | 


latitude, at B raiſe a perpendicular to the left hand fide, be- 
cauſe the courſe is S. Weſterly, make B C = 140 the de- 
parture, join A C, which is the diſtance 184 miles; and the 
L at A meaſured on the ſcale of rhumhs is 4 and a half 
points nearly, the courſe 8. W. half W. which was re- 
quired. 


8 By Leng, 5 . 
| As diff. of lat. AB 120m. leg. 26 


: Tangent of radius 45 0 10. o G 
Departure BC 140m. 2.14612 
: Tavgent of courfe 49 24 10. 06694 


Or 4 points nearly = S. w. W. 


fo 
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4 
For Diflance by Logarithms. - 
As fine of the courſe * 49 24 9.88039 1 
Departure BC 140m. 2.14672 v 
: : Radius or fine 99 © 10.00000 tl 
.. TT CAT. 184 m. 2.26573 
| 0 7 
34. By Scale and Compaſſes, for Courſe. 

By the general rule, extend from the iſt. term 120m. to 
the third term 140 on the line of numbers, and that extent th 
ſet on the tangent 45* the ſecond term, falls on 49 24 in- e- 
creaſing on the line of tangents, or the aforciaid extent ſet ll _ 
on tangent of 4 points, reaches near 4 | points on the tan- if 

gent of rhumbs, the courſe, then for diſtance as before di- 
4th. By Mr. MaRTIR's fiding Rule, for Courſe. tu 
Set 120 on the ſlider, to 140 on the rule on the line of In 
numbers, then againſt tangent 45 on the rule, ſtands tangent by 

of 49 24 for the courſe on the ſlider, then for diſtance as in 

caſe iſt. | | | ou 
5th. By natural tangents Ac. for Courſe. the 
As 120: 1:: 1400ra56:1:: 7 : 1.16 anſwering fai 
in the table to 49 24 or 4 points nearly S. W. * W. the lat 
Ct. Arithmetically, for Diſtance. ” 
rhi 


Y * 120 * 20 + 140 55 140 = 184 miles the diſtance AC; 
For Courſe as in Caſe 5th. 


TRAVERSE SAILING. 


*"RAVERSE Sz111xc, is when a ſhip, by reaſon 
of the wind ſhifting, or for other cauſes, ſails on 
ſeveral courſes, in given periods of time. 
To reſolve a traverſe, is to order and compound the ſeve- 
ral courſes and diſtances, obtained by the compaſs, log and lat 
8 half | 
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5 * 
half minute glaſs, ſo that it may be known at Rated periods 
of time, taken at pleaiure, the place the ihip is in, that is 
which way, and how far from che place failed from, alſo 
what courie t> ſail, and how far diſtant at that time from 
the port bound to, e | 1 9 1 


To Conſtruct any Traverſe Geometrically, by the plain 
Scale. Plate 2. Fig. IV. 5 


I. Draw the meridian line as AB, make an angleat A, 
the place ſailed from towards the right hand if the courſe be 
eaſterly ; upwards if northerly, but downwards if ſoutherly, 
or towards the left hand if the courſe be weſterly ; upwards 
if northerly, downwards if ſoutherly. | | 

II. Set the firſt diſtance taken from a convenient ſcale of 
equal parts from A to 1. 8 5 5 

III. At 1 make an angle m 1 2 equal to the angle be- 
tween the firſt and ſecond courſes, to the right or leſt hand 
ſide, looking ferwards always the way the ſhip fails, accord- 
ing as the ſhip is made to alter to the right or left hand fide 
by means of the rudder. | EE RE 

IV. Set on that line the ſhip ranges on, the diſtance run 
out by the log on the ſecond courſe, as from 1 to 2; pro- 
ceeding thus with every courſe and diſtance, as they occur to 
the end of the traverſe, as at C. 5 5 
V. From C let fall the perpendicular C B upon the meridian 
failed from, ſo is C B the true departure, A B the difference of 
latitude, A C the diſtance from the place failed, each of 
which meaſured on the ſame ſcale, that the particular diſ- 
tances were taken from, ſhews their reſpective quantities, 
and the angle B A C ts the courſe, meaſurable on the ſcale of 
rhumbs. i 

Or otherwiſe thus. Pl. 2. Fig V. 

I. Having drawn the meridian A B, and laid down the 
firſt courſe, and diſtance as aſ-reſaid. %% 

II. Through 1 the then place of the ſhip, Araw a line 
parallel, to the meridian of the place failed from AB, 
which becomes a new meridian, from which lay down the 
2d. ccurſe and diſtance, and io proceed to the end. . 

III. If yuu then com pleat the ſeveral triangles as A 1 a, 


162. 4 3. 45 4&c. as per fig you have the difference of 
latitude and departure to each reſpective courſe, 4 


— — 
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IV. Then if all the departures on the tame fide, of the 
reſpective meridians as the firit, be meaſured and called po- 
fitive, and alſo thuſe on the contrary fide, meaſured and 
calied negative. | 

V. If the ſum of the poſitive departures exceed the ſum 
of the negative ones, their difference is the true departure, 
and the ſhip is on the ſame fide the firſt meridian failed 
from, as was the firſt courſe ; but if the ſum of the negative 
_ departures be greater, their difference is the true departure, 

and the ſhip is on the contrary fide of the meridian ſailed 
from, on the firſt courſe. | | 

VI. The differences of latitude of the ſame quality as the 
frſt, may be called pofitive, and theſe on the contrary nega- 
tive, then the difference of the ſums of the poſitive and ne- 
gative ones, is the true difference of latitude. 

VII. If the ſum of the poſitive, exceed the ſum of the ne- 
gative, the ſhip is on the ſame fide the port failed from, in 
reſpect to north or ſouth, as after the firit courſe ; but if the 
| ſum of the negative be greater, the ſhip is on the contrary 
fide, with reſpect to the firſt courſe. 

VIII. In fig. V. the departures, a 1.6 2.c3.45. 6. 29 
and h C are poſitive, and the departures, 67, and 8, are ne- 
gative, therefore, a 1. +62. +c3. + 45. + e 6. + g9 


| +$4C.— 67.—8f=BC, the true departure on the ame 


2 the meridian AB as @ 1, becauſe, the poſitive are 
| ; if the negative had been greater, it is evident the 
es of th ſhip at C, muſt WWW 

of the meridian ſailed from A B. 

IX. The ſeveral differences of latitude Aa + 16+ 2c 
 +$34+44+7f+8g + are all poſitive, and only 
5 e negative, whicu 15 much leſs than the former, whence 
the ſhip at C, is to the ſouthward of A, according to the ficſt 


courſe, but if the negative difference of latitude had exceed- | 


ed the poſitive, then the place C had been to the north- 
ward of A, contrary to her firſt direction. 

Admit a ſhip fails from a _ A the following courſes 
and diſtances * 5 


E. 8. E. Ts 
South 


m. 
S. S. E. 36 E.S. ebe zo 
42 8 E by d. 64 N. by E. half E. 5o 
Weſt 72 8. S. W. 35 bes K. half . 1 
And S. E. by EA E. 40 required the true courſe and 
* e plac id rom, 2 
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Sol. 1%. By the Traverſe Table, 


In the table under or over the reſpective courſes accord- 


m ing as they are found at top or bottom of the pages, and 
8 cy : 5 ; 
Gy againſt their ſeveral diſtances, are the differences of lati- 
d tudes and departures, in their reſpective columns as may be 
89 obſerved in the ſabjoined table. 111 
e, 
d 1 - SOR EE Rt POT EAT 
4 Traverſe T ABLE of the Laſt QUESTroN. | 
— — Z e — ee 
G corps dit. 5.5 f J er lt | Departure. 
in Cteered. jun. [e 3 - SN 8 E W. 1 
5 a 74 _ 
* E. S E. 456 | 6 | oo 1.21.6 oo 
| r 36 | 2 4, | 00 | 33.3] 13.8] oo 
IP E. S. E. 5£.| 30 | 65 | 4x | 00 8.7 | 28.7 | oo 
_ | South | 42 | © 6: ] 00 | 42 | oO oo 
* . E. by S. 64 . 3, oo | 53-2 356 oO | 
are N. by E. 3. E. 5o | is [11s [474] © [145] oo 
h 3 wen 192-18 1 931 © |: 00 o 72 
* 18S, 135 12, f#.} a0 | 32:3 90 13.4 
” F. S. F. YE. 7 ]2T:} 4* ] 001-3347 1 ${ 00 1 
5 S. E. by E. T Z. 40 | 55 32 oo 17 [3 2 00 
nly | N. B. N. — ſtands for $7. 237.2 80.2 88.4 
1 north negative, S. + for | 7.9185 44 | 
* ; | ſouth poſitive E. + for eaſt a as — — 
= A | poſitive W. — for weſt ne- 19.3 100.8 
_ : |__gative. . fn, 3 | | 94-6 | 50-4 | - 
| Then with half difference of latitude 94.6 ard half © 
departure 50.4, per traverſe table the courſe is 2 points a 
a half or S. S. E. halt E. diſtance 215 rilzs. | 
and 


Sol. 
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* MC. 


in 


2 


II. Or thus by Natural Sines, Cofmes, Sc. 


9 


for Natural 
Sine of Courſe. 1 


V. B. N. S. C.“ 
| ſtands 


and N S. Ce 
ſtands for Nat. ine 
Compliment Courſe 


| Diſt. x N. S. C. 
7 = diff. of lat. 


— — 


e 


145 X- 
36 **. 
30 X. 


Diſt. x N. S. C. C. 


c 


45 * 
36 * 
30 * 
42 X 

64 * 
50 X 
72 X 


35 X 


37 * 


40 X 


diff. 


9 =33.3+| 


r 
.g92=33-1+ 
.29= 8.7 + 
1= 42 + 
83 283.14 
96 = 1 
O == ©. 


92 = 32. 24 
1 : 


Y 236-7 + 
[08s 


lat. - 188.7 + | 


In bis table Fg AiGcace of latieudes and departures 


mark 4 are pofitive or agreeing with the firſt, and cheſe 
marked — are negative or contrary. 


Fer curſe by natural tangents, 


As 188.7 


2 2100.1 


| auuvering to = WK halt E. 


Fer d. ance Hai led. 


As natural fine courle , 408: 


- 4 


- 3 > 
PF 


100.1 


| .53 correſponding to the natural | 
* tangent of 2 8000 and a half eee or 272 55 nearer, 


21214 miles. 
34. 


and tlas extent let on 1 1 on . 5 3 correſponding to the na- 
| | 2 
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— by Scale and Compaſſes. 


Extend from 8. of 8 points or radius, on the line of 
rhumbs, marked S. R. for fine of rhumbs, to the firſt diſtance 
45m. on the line of numbers, marked num. and that extent 


ſet from courſe'6 points, on the line S. R, will reach to 41.4 


on the line of numbers, the departure; alſo that ſame extent 
ſet on compliment of courſe 2 points on the ſaid line 8. R, 
reaches to 17.1 the difference of latitude on the line marked 
numb. thus proceed, with each courſe and diſtance, and 
place the departures and difference of nana as in the 


_ table. 


Then for Courſe and 1 


Extend from the difference of latitude 189 to 100 the de- 
parture on the line of numbers, (which we Mall call Gun- 
ter's line) and that extent ſet on 4 pints on the tangent of 


rhumbs marked T. R. reaches tv 2 and a half points on the 


ſaid tangent line. 
Or it will reach from tangent of radius 45 on the line ; 
marked tan. to the tangent of 27 55 nearly the courſe in 


5 degrees. 


i " For diftauce thas. | 
Read from fine 27 55, to radius or fine g0® and that 


extent will reach from 100.1 on 3 — to 214 miles 
the diſtance required, 


_ 4th. By GunTzs's line of numbers a with the 
aſſiſtance of natural foes, c. ſee the laſt table. 


Extend from 1 to the diſtance 45m. and that extent 


reaches trom N. S. of courſe .g2 to 41:4 the departure, alſo 


the ſame extent reaches from 38 the N. co. fine of courſe, to 


17.1 the difference of latitude, thus, you go on to find che 


departure, and difference of Latitude to each courſe and 


Glance. 


Then for ab. much good. 
Extend from difference of latitude 189 to departure 100, 


tur 


ht! 
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tural tangent of 27 55 or 2 points and half anſwerin to 
8. 8. E. half E. as before. 4 


For diflance made goed. 


Extend from natural fine of courſe, .47 to 1, and that ex- 


tent reaches from _—_ 100 to 214 the diſtance re- 
quired. 


| 5th. By ſliding rate on Numbers, Sines, Tangents, | Sc. 


Set the diſtance E. on the ſlider, to S. of 8 pointsſon the 


rule, then againſt ſine of courſe 6 points on the rule, ſtands 
41.4 the departure on the ſlider; alſo then againſt 2 points 
the compliment cf the courſe on the rule, ſtands 17.1 the 


difference of latitude on the ſlider, ſee the former table, and 


thus preceed with every courſe and diſtance, and place the 
departures and differences of latitude as before directed. 


For courſe Steered, or bearing of the Port A. 


/ Ber the difference of latitude 189 on the ſlider, to 100 the 
departure on the rule, then again tangent of radius 45 on 


the {lider, ſtands tangent of 27 57 on the rule, anſwering tio 


2 points and @ Kaif or S. S. E. half E. nearly. 
Fer diftance to or from Port A. 


Setfineof 27 57 or ſine of 2 points and a half on the flider, 


tothe departure 100 m. on the line of numbers on the rule, 
th. n againſt fine 90 or fine of 8 points on the _ ſtands 
' 21m. the diſtance on the — 


5 6th. By the common ſliding rol on GunTes' 8 line 7 


numbers only. 


"Tier cnn of rave alle of mnt av he. the fine and 


co. fi © of every courſe, which put down as in the latter 


table, hen, ſet 1 on the ſlider, to the diftance 45m. on the 


rule, and againſt. 93 on the ſlider ſtands departure 41.4 on 
the rule, alſo againſt .38 on the ſlider, ſtands the difference 


of latitude 17.1 on the rule &c. 


Haring thus found all the Gfferences of latitudes and de- 
Paurtures 


— 
CC OOO 
; Pg” * 12 8 TY * 2 * * 


PP 


"i 
1 
| 
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with the true d-tference of latitude 189m. and true 


departure 100M. nearly. 


fo find the courſe or bearing of Port A. Pl. 2. 


Fig v. 


Set the difference of latitude 189 on the flider, to h de- 
parture 100 on he rule, then apaini 1 on the ſlider, ſtahde 


+53 on the rule, the natural tangent ot 27 57 or 2 and ahalf 


points or S. 5 E. halt E. nearly, _ 
To find diſtance to or from port A. 
Set natural ſine of courle 2 and a half = 47 on the ſlider, 
to 100 the departure on the the rule, then againſt 1 the na- 


tural radius on the ſlider, ſtands 214 the diſtance nearly, os 
the rule. | $4 | 


a th." Arithmetically. 
N. B. To reſolve s traverſe by arithmetic, you muſt 


work with the leſs angle, be it courie or its colapliment, and 
find the Jeſs leg frit, whether departure or difference of la- 
titude; ſee caſe 1ſt. plain failing. | | - 
In the preceeding queſtion, the compliment of the firſt 
| courſe is the leſs angle. e SES 


Therefore to find the difference of latitude or leſs leg. 


Compliment of courſe 22 30 = 22.5. = 2 points 


As — + =: I:: 45: 172 the diff. of lat. 


Wich contracts to the following proportion. 
1% m > oY 
As: : * qe 45 diſtance: 17.2. 


To find the Departure or greater Leg, 


: CI I5 X 22.5 X 22.5 N ob 
AS1:1— — — ;:45 : 4.5 


Which admits of the foilowin; contraction. 
| 5 1 
As 1 N 526 45 : 41:5 


| Again 


— — " 


2 


- Wo ay $'- 
a oath. „ — — — _ — — 
—— 4 — . — — — — 
2 - — - —4 — * "x * he 
3 = gV : — ay A 2 
3 — — 8 : — 7 = - — — 8 — 
. — — =» _ - 5 C >.> 
Z he 8 - es 
* : - FRY 
„% — wr 


2 


Ari owns w 4 as AE SOS: 5 


—_—_ — 
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Again the laſt courſe but one is S. S. E. a quarter E. or 

2 and a quarter = 2.25 points, therefore, 
Te find the departure or leſs leg. 


| . % 2.28 K 3 . 5 
As 4 "RT. 21: 37 diſtance: 15.7 departure. 


*** . 
As 1 1 e wy — 3 37. 33.5 


oe FY 7 N 15.7 = 33.5 the diff. of lat. 
Thus proceed to ſind the difference of latitude and de- 
poarture, correſponding to each courſe and diſtance, in the 
_ queſtion, whence the Everence of latitude is 189m. and the 
departure 100 m. then, © 


To find the diflance. | 
| * 189K 1897 100 X 700 = 214 nearly, 
To find Courſe. 
diſt. 2 dif. lat. dep. 


As 214 + 2 100 :. 86 : 27.9 nearly = 27% 


54 8. Eaſterly. 


180 


er as 214 + = : 100:: 7 1 2.5 nearly or 2 
points and a half anſwering to S. S. E. half E. DT as 
„„ | „„ 4 


PARALLEL SAILING 


FF HIS is failing due eaſt cr welt, on ſome parallel of 
 =rirnde, in which longitude is to be contder-d, | 
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therefore it may be premiſed antecedent to the caſes of 
parallel ſailin :, that all the parallels ot latitude, fron the 
equator to the poles, gradually decr-afe until they vaniſh at 
the pole, whence it follows, that, as bo miles make a degree 
of longitude on the equator, and that the ſame number of 
degrees, are reckoned on every parallel of latitude ; fo that 
every degrre of longitude decreaſes trom 60 miles at the 
equator to o at the poles, and this decreaſe is, as the Co. 
lines of the parallels of latitude, or as the fincs of the diſt. 
of the parallels of latitude from the neareſ pole, whence 
ſpring the origin of the following caſes. 


Firſt of Rules Reſpecting Longitude. 


PROBLEM I. The longitudes of two places given, to 
find their difference f longitules. 5 
RuLe iſt. If the two places be both in eait, or boch in 
welt longitude, their difference is tneir difference of lougi - 
tude. | i > 


Admit A in longitude 45 From 47 18 W. 
18 W. And B in long iude 4; | Sub. 45 29 W. 
29 W. required their difference x : 

of longitude ? IJ M. 109 = 1 49 Anf. 


— — 


Rur 2d. If one place be in eaft and the other in weſt 


BB longitude, their jum if under 180 degrees, is their difference 
Ss longitude... ; N : | | 
Admit A in longiiude 61 To 6 8 W. 

8 V.eſt and B in long tude :( Add 2 5 E. 


5 Eali, required their Efferenc= 
of longitude? | 


JM. 493 = 8 13 Anſw. | 


Si 


Rur 3d If the ſum of the longitudes exceed 180 AJ 
— grees, the ſupple ment of their ſum to 300 degrees is the t 
difference of longi:ude, _ 8 

Admit A in lon. 173 48 E. 
And B in 178 15 Weſt, re- 
quired their difference of lon- 


To 173 48 E. 
Add 178 1; W. 


gude © |. umn IC8#--: 2 Sub. 
. fom 50 
: : a Miles 477 == 7 57 Anſver. 


PRO B- 
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Pang TT. The dii e cnt of longitude of two place,, 


and be ſtude of one place given; to find the longitude 


RvuLe iſt. In Eaft longitude failing eafterly, and in | 


Wau longitude 1ailing weſterly, add th: difference of lon- 
gitude to the Jongirude ſailed trom, and the lum if under 180 
_ degices is the longitude thip. 


Admit a ſhip ſails fre m longitude 18 44 Weſt; a weſterly 
courſe until the difference of longitude be 347 miles, ie- 
aAuired the longitude ſhip ? Ces 


Th longitude failed frm 3 44 W. 
Add difference of longitude - 347 = 5 47 W. 
Longitude ſhip - . 2431. . 


Rut 2d. But if the ſum in the preceeding rule ſhould 
excecd 180 degrees, ſubtract it from 360 degrees, and the 
remanider is the longitude of a contrary name to that ſailed 
from. 25 ; | . | 


| Admit a ſhip fails from the longitude 175 48 weſt, welt. 
| erly until the difference of longitude be 584 miles, requir- 


ed the longitude ſhip? |» 
To longitude failed from 175 48 weſt 
Add 584 miles . 
| Sum | - -, 185 32 
Subtract from - + 360 ©o 


Longitude ſhip. „ 174 28 eaſt anſwer. 


| Rue 30. I; eaſt lorgita e failing weſterly, and in weſt 


Forge failing eattirly, ſubuact the difference ot longi- 
tuut, if Jeis rom the longitude at d from, and you have 


the longitude twp, the ſaine name as that failed from. 


Aomt a ſhip tail rom he longitud- 48 weft, caft. 


erl) until the Ui. ace of longitude be 278 miles, sevuired 
r EEE 


bm, is obs „„ A C4 a 


Frou 


%F 
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From lungitude ſailed from 482 15 weſt 
Sub ract the diff. of longitude 278 = 4 38 caſt 


Longitude ſhip's in — 43 37 weſt 


Rue 4th. But if the difference of longitude be greater 
than the longitude failed from; ſubtract the latter from the 
former, and the difference is the longitude ſhip, contrary to 


_ that ſailed from, for then the ſhip has croſſed the firſt 


meridian. 
Admit a ſhip ſails from the longitude 30 47 eaſt, weſterly 

until the difference of longitude be 489 miles, required the 

longitude ſhip? 08 8 „ 


From the diff. of longitude 489m. = 89 weſt 
Longitude ſailed from ſubtract 3 47 caſt 


Longitude ſhip — 4 22caſt 


Cas iſt. The difference of longitude of two places in a 
known latitude given, to find, their parallel diftance. 


Admit a ſhip fails in the parallel of 55 zo until the 
difference of longitude be 234 miles, required che parallel 


Aiſtance, or diſtance ſailed ? 


IJ. Geometrically Plate 2d. Fig VI. 


Draw an eaſt and weſt line as AB = 234m. from a ſca'e 
of equal parts; with chord 60 == fine go, as a radius in 
your compaſſes, and one foot on A make an arch, which 
cut, with the ſame radius, and one foot on B 1a the pole P, 


then with a radius equal to the compliment of the latitude 


(viz) 34 zo from the icale of fines, with one foot on P, ſtrike 
the arch » , whence the chord » m being drawn, and 
meaſured on the ſcale the differcnce oi longitude was taken 
from, gives the parallel diſtance = 133 miles the anſwer, 


24d. By Logarithims. 


| As radius or fine AP go o 10 
: the difference of longitude AB 234m, 2.36921 
: : fine comp. latitude 2 P 34. 30 9.75302: 
: the parallel diſtance 2 133M. 2.12233 


| 
| 
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* By GuxrEx with campaſſes. 


Extend on the line of fines from the firſt term above, (viz) 
9o ro he third term 34 30, and that extent ſet the ſame way, 


fro the ſecond term 234 on the line of e reaches 


to 133 mites the anſwer. 


4th. By natur natur fines. 
per table, the natural fine of che compliment of the lati- 


tude 34 30 38 7, 


"5 1: 2394 <: 57 . 133 the parallel diſtance. 
5th. By fliding Gux RR on the line of Number. 


Set 1 the firſt term on the fl: der, to. 5 the third term on 
the rule, then agaiaſt 234 the ſecond term on the ſlider, 


ſtands 133 the aniwer on the rule. 


btb. By the ſeale of Latitude and Lang Arithmeticat, 
On tie line of longitude marked M. L, againſt the lati- 


tude 55 30 on the contigu us line of chk or latitude, 
ſtands 34.2 the mules that make a degree of longitude in 


that latitude. 


As 60 : 234 :: 302 : 133 miles the anſwer. 


| 7th. T hc la Anaingy may te dong by Gu NTER with Com- : 


Baſes, or by the Juding Gu NTER. 


Cues 2d. The parallel diſtance in x known wks 
given, to find the difference of lougitude. | 


Admit a ſhip ſails due eaft 133 miles, in the latitude 5 5 


30, W the difference of A made 


1/2. Geometrically, Pl. 2. Fig. Vi 


Draw an eaſt and weſt line as n by a ſcale of equal 5 
art, then wich a radius of 34 zo the c mpliment of the 
Fit: Ty de, from your 'cale o ſines, with one boot n n ſtrike 
an arch, Which cut with the ſame radius, and one foot on ® _ 
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then with radius = yo from the ſcale of fines, and one foot 
on P, ſtrike the ws A B, and the chord thereof A B mea- 
ſures the 2 of longitude 234 miles, which was re- 


*** 
24. By Logarithms, 


As ſine conkplimicnt of latitude - 14 36 9.7531 
: The parallel diſtance. = — 133m. 2.12233 
: : Radius 5 90 oo 10. 
: Difference of Jongitude - 234m. 2.36921 


34. B GUNTER'S Lale with Comp aſſes. 
Extend from the firſt term 34 zo, to the third term 90 on 


the line of fines, and that extent ſet from the ſechnd term 


133 the (ame way vn Gunter's line of numbers, falls on 2 234 
the difference of lon gi. ude. 


4th. By ſiding Gunter. 


Set the firſt term on ihe lifter, to the third term on the 


rule, then againſi che ſccond term on the flider, flauds the 
| Fourth | term or anſwer on the rule, 


5th. Py natural Sines. 


I'm natural ſine of It 30 = .569. 
* a 57 C94 © ; 234 the difference of lon, nearly, 


th. By GUNTER' s ſcale with Compaſies. 


E from the ft, t the third term, on the line af vum- 
bers, and that extent reaches from the ſecond, to the fourth 
| term or anſwer on the ſame line. 
715. By ſiding Rule on 1 
Set the firſt te- m on the ſlider, to the third on the rule, 


anſwer on thc rule. 


8h. By lines of Latitude and Longitude. A-ithmetically. 


eee 


mak a degree ot longitude there, 


in P the pole, produce the lines P » and P indefinitely, 


then againſt the ſecond on the lider, ſtands the fouth or 


Againſt the latitude 55 32, ſtands 34.1 the miles that 


* * i 
- 


55 „ 
As 24.1 : 133 :: 60: 234 the anſwer nearly. 


9th. The laft Analogy works by GuNTER with Compaſſes, 
or ſliding Rule, on the line of numbers. 


Cask zd. The difference of longitude, and parallel 
dittance given; to find the latitude, 
„ Admit ſailing due eaſt or weſt 133 miles, we have made 


= 234 miles difterence of lopgirude, required the latitude | 


ruled in? 
1 ft. Geometrical Plate 2 Fig. VI. | 


Draw an eaſt and weſt line AB = 234m. the difference 
of longitade from a ſcale of equal parts, find P the pole as 

directed in caſe firſt, draw he? meridians PAandPB, then 

ſet the parallel diſtance from A to x alſo at P with the lame 


radius ſtrike the arch , which with the radius A P and one 


foot on x, cut in 3, draw s x to croſs PB in , then with the 

radius P u, ftrike the arch = u, ſo will» P P meatured 

on the ſcale of fines be 34 30, and its compliment 55 30 
the latitude require. | 


24. By Logarithms, 
As difference of —_— 234m. 2. 36921 
: : rad; us . 90 00 10. 
parallel diſtance 133m. 2.12233 
- 1 comp. latitude 34 39 9.75312 
L Pe ſabtract from 90 00 
= gives the latitude required 55 30 
| 8 By Sork ant Conpaſes, for the 32 of Caſe the 2d. 


44h. By fliding Rule, jee the 4th. of Caſe 24. 


By natural Sines. 


As 234. 1:: 133 : $68 nearly anſwering to 34 * 
t 


Ge compliment of 55 30 


6th. By the lines of Latitude and Longitude. 


e latitude required. 


As 234 : 60 : 133 34.2 on the ane M. L. againſt * 


which flands 55 30 the latitude wud. 


Cas? 


F 1 


30 


„ 


E 


Cary 4th, as ſince of ſip t botk in zhe 


Ame 5 latitude, being, given; 


aſunder in another known latitude. 

Admit two ſhip's, both in te latitude g5 30 north 
diſtant aſunder 133 miles, required their diftance aſunder 
when both on their relpettave meridians, in the latitude of 
72 30 north? | 


fe. | Grometricall Plate 2. Fig. VI. 
Draw an eaſt and weſt line m = = 133 miles, and find P 


the pole as directed in caſe 2d. then with a radius = fine of 


17 30 the compliment of 72 zo ſtrike the arch @ b, ſo ſhall. 
a 6 meaſured on the ſcale zz » was taken from, be 70 miles 
their diſtance aſunder required. 


2d. By Legarithms. 


As — of latitude 2 Co. 4 
34 


An 30 0.24688 
diſtance aſu * = 133m. 2.12233 


: ſine comp. of the other lat. 17 3o 9.47814 
* the Glance. aſu nder there 7om. 1.84735 


34. By GunTes as before directed. 
4th, By natural Sines, Arithmeticalh. 
The natural ſine of the compliment of one latitade 34 


88 57. and of the other 17 30 is * 


.* As th : 133 : 3 $ 2 * | Anſwer. 


tb. By the ſcale of Latitude and Longitude. 


The miles that make a degive of Initede in 55 30 are 
341 and in latitude 72 30 are 18. 


. As 341: 133:: 18: 70 miles. Anſwer. To 


6th. By GunTzs' $ Scale, and  liding Gunter, as fie | 


| diredted. 
| Cam Ich. Given, the diſtance aſunder of two ſhips in a . 
given latitude, to find the latitude where their Elance ce. 
aluniler, on R 3 
Admit 
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_ Admit two Ships in the latitude of 72 30 N diſtant 


aſunder 70 miles, required in what latitude their diſtance 
aſunder will be 133 miles, being on the ſame meridian? 


1/t. Geometrically, Pl. 2. Fig. VI. 


Draw an eaſt and weſt line as a þ = 70 miles, andfind 
P the pole as directed in caſe zd. draw the meridians Pa and 
F b, which produce indefinitely; alſo produce @ 6 to z, ſo 
that à = may be = 133 miles, draw x m parallel to P b, to 
meet P & produced in =, make P. =P , and each mea- 
| ſured on the ſcale of fines is 34, 30 the —— 55 

9893 


2d, B arithms. 4 444 
1 Co. Ar. 


As the diſtance in the given latitude - 70 8.1549. 
: Sine Comp. of that latitude - 17 30 9.47814 


Tine a lime of latitads vired 1 

ine compliment req 34 30 Toe 

Which ſubtract from 90 oo 9 
— 

| Anſwer the latitude required. i 


3d. * GunTER, as before direcled. 


4th, By natural fines, 


Compliment of 72 30 =17 30 natural fine _ 


As 72: .3:: 133: -57 the natural fine of 34 30, its 
complimentis 55 30 the latitude required. 


th. By the Scale of Latitude and due 


Againſt latitude 72 30 lands 18 miles ty a degre of 
longitude there. 


*.* As 70 18 133 34-2 3 againſt which in the 


: line of _— * 55 30 the latitude required. 


ME R- 


MERCATOR' SAILING, 


N this method of failing, the ſurface of the Globe is con- 
I fidered, as projected in plano, fo that the meridians are 
flraight lines I to, and equidiſtant from each other; 
the parallels of latitude are alſo ſtraight lines, and parallel to 
one another, but the diſtance between them, increaſes from 
the equator towards either pole, in the ratio of the ſecants of 
the latitudes to the radius. 5 
This projection altho* called Mercator's, was invented, 
demonſtrated, and its uſes pointed out long befqre, by ous 
countryman Mi. Wright, ſome attribute the original inven- 
tion to neither of theſe gentlemen, as Hinted by Ptolemy 
about 2000 years ago. 
Before we enter on the caſes of Mercator's ſailing, it 

may be neceſſary to premiſe ſomething of the meridional = 
difference of latitude of two places; which admits of two 


VAX. it. When the places are both in north, or beth in 
fouth latitude, to find their meridional difference of latitude, 
according to Mercator's enlarged meridian projection. 


| Sol. Tf. By tables of meridional parts. 


Rur z. Find the ſed latitudes in the table, againſt 
which are the meridional parts correſponding to theſe lati- 
tudes, and their difference is the meridional difference of 
latitude. „ e . 
Example. Required the meridional difference of latitude 
between cape Clear in latitude 51 10 north, and cape Henry 
In lavtude 37 north 
Lat. cape Clear 51 10 meridional parts 3585 


D 2393 
meridional difference of latitude 1192 


24d. By MtrcaroR's line on GUNTER's ſcale. 


Extend on the line marked meri. from 37. to 51 10. and 
hat extent meaſured on 7 conjoined line (Eq. wy 
%% „ of 


| 260 NAVIGATOR', 
* 
| Van. 2d. When the places are one in north, and the 


other in ſbuth latitude; to fa hr mbridiomal diebe t 


luatitude. 

Kurz. Take out of the table the meridional 
 ſwtring' to each imitüde, and iheif fun 3s the me 2 
Dn 1 

Example. req the meridional diference of Iaci 
between the Hlantt Lava in latitude A 46 ſouth, * * 


Wand Barbadoes, in fue 13 26 north 
Sol. A wa 
. As ag: ; Hess north 35 15 
| meridicnal diffexence of linde 8 1274 


26, By Mag.caTop's line on GUprer: = 


Take 7 40 on the meridian line. : 
Which meaſured on the line Eq. P. is 7 ar 
n Gor od gow. »3 33 


. 


Docs i. The diſt d departure. 
ven; to ance, an 
0 Required courſe, diſtance, and departure, from A in lati- 


tude g1 o north longitude 1 o weſt to in latitude 53 4 - 


vonth, — Plate 2. Fig. VII. 
Preparative to Solution. 


"ONE latitode B 5345 M. P. 3639 


Subwa latitude A 531 OS WR , 
a, 2 2% 27 the 
mer. . Gi, of lat. 


The difernce ef lande by 165 miles. 


Parts gives 12 52 = 1192 the anſwer as be- 


a 


The latitudes e of roo places 


rg. 
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Latitude A 51 00 longitude 1 o weſt. 
EE ages BP 693 a6 -W® - 8 30 
Sum 104 45 difference 7 30. 
Half ſum is middle lat. 52 22 5 
Subtract from 90 oo 450 450 the df, 


"wo middle latitude 47 58 
ft. Gemetricalh by nen ren « PL 


Draw the meridian Ax = 270m. the meridional diff. of 
_ latitude, at x 1 ge mt Frag the diff. 
of long? 41 2 5 the difference Nr 


draw 1 A A, then will the . 


A avis coi en Be Wits of lands. n= 29 pots 
Ad the diſtance 321 and BC — 275m. on 


the ſcale of equal parts. 
2d. By middle Latitude, Plate 3 2. Fig. VII. 
Make the . BOX = 52 22= the middle Inirade, and 


CX = 450 the difference of longitude, draw X A 
dicular to CB, alſo make B A = 165m. the difference of | 
latitude, j in A C which meaſures the diſtance 32 the 4 C | 


A3 59 * and CB 275 e 


34. E MERcaToR per beg. For courſe. © 
As iliac difference of lat, =, JR 43136 


: 8 of radius — —— 10. 
: difference of longitude N 2.65321 
: tangent of courſe 10. qt 
anſwering to N. W. by W. a quarter W. . nearly, 


4th. WP table of Natural Sines, Tangents, OLA 
As 270 : 1 :: 440 which contracts to, as 3: 1 :: 


3 
the natural tangent of the courſe, againſt which in 148 table 
* eee N. W. by W. * 5 


H 3 5th, 
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255 2385. By the Traverſe Table. 

In the columns of latitude and departure, find 270 and 
| . ren 
Points and a quarter, anſwer. N 
Stb. By Gunrzx's Scale with Compaſſes. 


mn and extend from the 1. term 270 to the 3d. 
450, on the line of numbers, that extent ſet on tangent 
radius 45 degrees, gives 59 2 the courſe as above, 

Or by the 4th. on the line of numbers anly. 


7th. By Sliding Guvres as before direlted. 
Uh. By Laogavithm Taxgents, for courſe. 
Half the comp. of one lat. 51 is 19 30 oy 
D of latitude 53 45 1 7 9.5158 


—— -wü—-4 


„„ 
Then as .03396 X 10000 == 339.6 log. 7. oF | 
: difference of longitude 850 | 2.65321. 
:: the con. factor 51 38 tan. 10.1015 


: tangent of courſe 39 2 10. 22307 
gth. By Middle Latitude, fur courſe, per Logarithms, 
As difference of latitude 164m. Co Ar. 7.78252 


: difference of longitude 450 - 8.65321. 
2: co. fine of middle lat. 52 22 9.785760 
2 tangent of courſe 59 2 10.221599 


| 10th, To work ahis propertion per Gun rn. 


Count the middle latitude backwards on the line of fines, 
or take its compliment on the fines, againſt which on the 
tangents is 31 25 ; then extend from the firſt term 165 to 
the 2d. term 450, and that extent reaches from tangent 
31 25 to tangent of courſe 59 2 as before. £38 
Then, having found — by the method beſt approved; 
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1 may be found by caſe 2d. of plain 


and diſtance ma. be ſound independ f 
a f . EY | 


1/2. By Mencaror for Departure. 
Co. 4. 


| Az meridional difference of bande A = 270 7.56864 
Difference of longitude xz < -- 450 2.65321 


1 Difference of latitude A B „„ 264 _ £23748 


r! a. I 
2d. By Middle Latitude. 5 


! 8 
: Difference of longitude = 150 m. 2.6532r 
8. Compliment of middle latitude 52 22 9.78576 


: Depart - Ko 275 m. 2.43897 
3 By Arithmetic nh = 
A 270 : 450 : : 165 275. Anſwer, 
44. By natural Sines. 
pliment of middle latitade is 3) ts 


. 61 = 275. 3 


455. GunTER's Scale with Compaſſes. 
Extend from the firſt term 270 to the third term 16; on 


the line of numbers, and that extent reaches from the ſecond 
| term 450 the ſame way, to 275 the departure on that line; or 
extend from radius go to fine compliment of middle latitude 


37 38, and that extent ſet on difference of longitude 450 on 
the line of numbers, reaches to 275 the departure ; or extend 
from 1 to natural fine of the compliment ef middle latitude 


51 on the line of numbers, and that ement for e 450, reathe 
e 0 75 2 


6th. By ſliding GunTes. 
| Ber the firſt hereof for Eparture, bet 270 onthe müder, to 


165 
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265 on the rule, then againit 450 on the {lider, flands 275 
— EI parure. 


7th. By the Traverſe Table. a 


The compliment of middle latitude 37 28 falls between 
Ly” points, therefore in the table find 45 a tenth 


of he difference of longitude in diſtance column under 3 
ſands 26.8, and under 3 ſtands 28. 5, whence each mal- 


tiplied 10, the difference of their produdts is 17 which re- 
ſerve, then 3 4 36 34 andy 3 = 39 22, the difference 
of the points is a quarter ooint, and the difference of the | 
EINE degrees 2 48 = 2.8 nearly. | 


And 37 38. 38 — 36 34 30 34 = 1.04 = 1 nearly. 


Wöhencc 2.82.8 : 42 
274.4 the departure nearly. 


Having ſound courſe and departure, diſtance may be found 
by Caſe d of plain ſailing. Nr 


= thus, having di difference of Jatizde and departure, 
x 275 X 275 + 165 Xx "165 = 320.7 the diſtance. 


Case ad. Both latitudes aud courſe given; to find - the 
| diſtance, departure, and difference of longntude. 


Admit our courſe from a port A in latitude 51 o. N. 
longitude 1 co Weſt be N. W. by W. a quarter W. to B in 


latitude 53 HE: Query the lon tude of B, with diſtance | 
ſailed, and de 18 | 1 


parture. 
Peparative to Solution. 
Latitude 5 3 45 Mer. Parts 38 0 
Ditto 51 oo . — 4 
DF. lat lat. 165 = 2 45 | Mer. Aff lat. 270 


8 30 30 —10 =7 30 = 450 difference of longitude. 


53 45 + 51.00 = 104 45 ſum of the latitudes. 
Half ſum 52 22 the middle Jatitude. 


And go oo 00 — 52 2 7 38 the comp. middle lat. 
7 
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. Geometrically, by Macro: method. 
Hl. a. Fe VII. 


Draw the meridian Ax=270 miſes the meridional dif- 
ference of latitude, raiſe x z perpendicular to A x, and make 


Ao ſet 16g the difference of latitude from A to B, and 
da B C parallel to x x, fo is A C the diſtance 321 m es 

nearly, meaſured on the ſcale a x was taken from, B C the 
departure 275 miles, and x = the difference of longitude 
450 miles. : — 


'Or thus, by midile Latitude. 


Draw the meridian A B = 165 the difference of jatirude, 
and B C perpendicular to it; then make the C. B AC = 5 
points, and a quarter the courſe; alſo make ti . B CX = 
82 22 the middle latitude, and C X is the difference of lon- 
gitude = 450 miles. e 4 


24. By Logarithms. 


. To find difference of Longitude, by MencaToR, 


As radius or tan 45 an 10. 

: meridional diff. of lat. 270 2.43135 
: : tangent of courſe 59 4 10. 22237 

2 difference of longitude 450 2.65373 

As ſine comp. middle lat. 37 38 9.78576 
: tangent of courſe 59 4 10. 22237 
2:2 ce of latitude 265 2.21748 
Saum of 2d. and zd. . 12.4298; 
z difference of longitude 450 2.65409 


vy ſubtracting the firſt from the ſum, 


the C. xA z=5 points and a quarier = 59 4 thecourſe, 
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24, By the Logarithen tangents, A general Rule. 


Take the difference of the logarithm tangents, anſwering 
to- half the compliments of the two latizudes, which dif- 
f-rence multiply by 10000, and reſerve chat product. 
Then, 

| As dhe con. 1 1 51 "ob the reſerved produc 
2-3- tangent of page difference of longitude. - 

1 "=D lat. 51 half its comp. 19 30 log. tan. 9. 54914 
| D $3 45 D . 18 7 50 


03395 
Then 03396 X 100c0 == 339.6 the reſerved product. 
| _ Whence as the con. log. —_— 51 38 10. 10151 


: the reſerved product * Ions 1 2.53195 
| : tangent of courſe 10.22237 1 
— of longit C 2. 2.65261 ö 
——— fecond and ks we F f 
2 that ſum. 


4th. By the table of natural Tangents „ 


3 | Naturdltan of 5 points and a quarter 1.6 | 
| „ Which multiply by 270 mer. diff. has 


« Din 450 the diff. ol lon. 
sth. By natural Lines, Ti angents, oe, 
| Natoral ſine of comp. middle latitude 37 38 2.61 


* As .61-: 16; : 1.6: 450 e, | 5 — 
| 0. By GunTen' 8 Scat: and ſiding Rutt, as bas 1 
before directed. 

| Then for Lengitude of B. 

To the longitude of A * & med 


Add the difference of longitude 490. = - 7.9 welt 


Longitude of B - =8$ 30 weſt 


"Earn zd. Both latitudes and 18 given; to find 
; eourie, diſtance, and ee of . Admit 


bo 


of longitude 450. 


Admit A in lati:ude 51 oo north, and a ſhip fails thence 


north weiterly to Þ in latitude 53 45 north, the departure 


being 275 m required the courſe, diftance, and difference 
of :ongitude? | 3 


Sol. Here the difference of latitude is 2 45 65 miles, 


meridional difference of latitude 2y0m. middle latitude 52 
22 compliment of middle latitude 37 38. 1 
1. Geometrically, 1/1. by MERCATOR Fig. VII. 


Draw AB =16;m. and A x== 270m. make BC 
275m. perpendicular to A B, join C A which produce, alſo 
make x & parallel to BC, whence Zz. B A C is courſe. 5 
points and a quarter, A C diſtance 321m. x ⁊ the difference 


2d. By middle Latitude. 
Draw A B = 165m. and BC at right angles = 270; 


join C A, and make the . BCX = 52 22, then draw 
CX to meet A B produced in X, whence C X is the dif- 
ference of longitude 450 miles, . B A C, and AC as 


before. 


— 


24d. For Courſe, and Diflance, ſee Caſe the 6th, of Plain 

e Aͤailing. | 35 
24. Legarithmically. 1/f, by Mercator. 

. VVV 

As difference of lat. AB 165m. 7.78282 

: departure B C „ 2.43933 
: 2 meridional diff. of lat. 270 2.43136 
difference of lon. xz 450 2.65321 


2d. By middle Latitude. - 


e 


As fine comp. middle lat. 37 28 9.78576 

: departure BC 275m. 2.49733 

: : radius or ſine 90 0 10. : 

: difference of lon. CX 450m. 2.65357 


34. By Logarithm Tangents fee the 34. of the laſt Caſe. 
| 4th. By natural Sines, Arithmet ically, 


A 61 275 :: 1: 450 the difference of longitude. 


Or as 165 : 270 :: 275 : 450 as before, 


- 


2 — — _— — 


ſlider, ſtands the fourth or anſwer 


* 


ference of — which 


X C B = the middle latitude 52 21, produce A B Ws = 
| longitude. 


ct NAVIGATOR's 
oth. By GUNTER 's Scale with Compa 


In all the preceedi: g proportions in this caſe 
Extend — the A SS tn the third on the ſame. 


line, that extent et on the fecond term, falls on the fourth or | 
aniwer. 


6th. By Sliding Guxrzx. 


Set the firſt term on the ſlider, to the third term on the 
rule of the ſame name ; then a againſt the ſecond term on che | 
on the rule. | 


* One latitude courſe and dittance ven; to 
282 of longi itude. gt 


admit a rip fail foes A in ladtutl 51 o North, N. W. | 
by W. half W. 321 miles to B, regulred ts latitude and dif- - 


ference of longitude? 


1/7. Geometrically Pl. 2. Fig. vn. 
Draw the meridian A B, at A make the C B AC = 5 


Points and 2 3 the courſe, and A C = 321 miles the 


diſtance, then Jet fall the perpendicular B C from C, and A 
B meaſures 165 = 2 45 Which added to.51 makes 53 45 
then, the extent * 51 to 53 45 on Mercator's meridian 
line, meaſured on the contiguous line of longitude or equal 
part is 4 30 25% the meridional difference of lati:ude, 
which ſet A to x, draw x z llel to B C, for the dif- 
ures 450 miles. — 


24. By middle Latitude. 
fond the other latitude as above, make the 2. 


C X in X, and C X meaſures 3 the difference of 


Solation. Find the BC, tact lati- 
tude A B, by Caſe 1ſt. o plain failing. 


+ 24. By Mercator an middle Latitude, for difference of 


— by Logarithms. 
To latitude A 51 ON. meridional parts 3569 


diff. lat. by Caſe ift. 


of Plain TY the * ny N. * 


Sow 9- - 2) ws 4s mer. | diff, of lat. 2 


Middle lat. 5 52 22 cotipliment Do. 7 38 


os 2 


all 


s e 
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1/7. By MexCaToR, and Logarithm. 


Co. Ar, 

As fine compliment courſe 30 56 0. 28901 
: meridional diff. of lat. 270 2.43136 
:: fine of courſe $9 4 9.93336 

: differene of longitude 450 2.65373 


2d. By middle Latitude, and Logarithms. 


As fine comp. of middle lat. 37 38 9.78576 


2 | 275 43933 
: radius or fine „„ e | 


— of longitude 450 2.65357 


3d By natural di ines, 2 difference of Longitude, as 
MERCATOR. 


5 points and a quarter = 59 4 its nat. ſine. 85 
2 N and three quarters = 30 56 ditto 1 
* As 51: 270 :: 85: 450 anſwer, 


4 middle Latitude „ ſee the laſt caſe of this, 


4th, By Scale and Compaſſes, for difference of Longitude. 


As fine co. of co. 23 3 points: 270 :: ſine of co. 5 : 450. 


Extend from ſine 2 and three rigs, to fine 5 points and 
a quarter, and that extent ſeton 270 on the line of num. falls 
on 450 miles the difference of longitude, 


5th. By fading GuxTER, Fur difference * u fee 6 
le 2d; Bf.. 


Set. 5 i on the lider, to . 85 on the rule, then againſt 270 


a on the ſlider, nands 450 on the rule the ante ver. 


: *. 1 
n . 


8 choliu um. 


When one latitude, courſe, and departure, or ebe tatit itude, 


diſtanca, and departure are given; the difference of latitude 


muſt be found by 8 3d. or 3 ot plain ailing, and 
then 


ro NAVIGATOR? 
then the other latitude, before the difference of longitude 
can be found. 
Cas E 5th. One latitude, courſe and difference of longi- 
tude given; to ſind the other latitude, diſtance, and depar- 
ture. | 
Admit a fhip fails from A in latitude 51 o north, longi- 
| tude 1 © weſt, N. W. by W. a quarter W. to B whoſe longi- 
tude is kncwn 8 3o weft, required the latitude of B, with 
diſtance ſailed, and departure. 


Sol. 8 30—1 0=7 30 = 450 the diff. of longitude 
J. Geometricalh. Plate 2, Fig. VII. 


Draw xz = 450 the difference of longitude, make A x 

perpendicular to x z, alſo make the C. x x A — 2 points and 
three quarters the comp. of the courſe, then A x meaſures 
270 the meridional difference of latitude, which added to the 
meridional parts of 51 degrees (viz) 270 + 3569 = 3839 

the meridional parts anſwering to 53 45 the other latitude, 
I ben ſet 165m. = 2.45 the difference of latitude from A 
to B, and draw BC parallel to x z, whence B C is departure, 
and AC the diſtance. 1 e 1 


24. MancArox's method, by Logarithms for meridional 


difference of Latitude, 
As tangent of courſe 39 4 - 19-22237 
: difference of longitudexz 450 2.65321 
:: tangent radius „ 10. | 
: meridional differency of lat. 2-0 2.43084 


Or as ſine cou ſe 5 points and a quarter 59 4 ©.06664 
: difference of longitule _ 450 2.65321 


: fine co. cf co 2 points and three quarter 30 56 9.71099 6] 


: meridional difference of Jatitude 270 2.43084 


Then, to meridional parts of lat. A 51. 2 569 
Add the meridional ditt. of lat. | 


| gre . „ 
| Sum is the meridional parts of lat. B 53 45 3869 
Difference of latitude 2 45 = 165 m. 


Whenre diſtance and devarture may be tonnd per caſe 
2d. of plain ſailing, e ee 2 
| om | N, B, _ 


4 
9 
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N. B. If che meridional difference of latitude come out 


greater then the meridional parts of the given latitede, ſub- 


tract the latter from the former, and the remainder is the 
meridional parts anſwering to the latitude ſhip, on the con- 


trary fide of the line, for tne ſhip has crolied. tha line, dus. 
ing the time of failing from A to B. 


34. By midule Eoticnde and Logarithms, 
Work with the given Latitude as under. 


As tangent of courſe FT 10.22237 


difference ot longitude 450 2.65921 
7: co. fine of given latitude 51 © 9 79887 
: a difference of latitude 169 2.22971 


Then to the given, lat. of A 51 oo. m. 
Add difference of lat. becauſe N. 2 2 = 29g 


Which added to the former 53 49 
Sum divaded 239104 49 8 
1s middle latitude 32 24 
| Then as tangent courſe $94 | 10.22237 8 
1 : difference of longitude 450 2.65321 
: fide comp. of middle lat. 52 24 9.78544 
1 of lat. 16. 2: _ 


. Lat AB O0 ＋ 2 45= 83 45 nn 
4th. By Legerithm Tangents. 


As tangent of courſe = 59 4 10.22237 
: difference of longitude 450 2.65321 
Ty tangent oiconſt. ſactor 51 38 10. 10145 
A term hat 341 | 2.53231 
Tnen from tan. of half com 
of the given lat. * 1 19 30 65 4914 
SubtraQt 341 + 7 0000 = 0341 
Tangent 18 7 and a half | 9.51504 


*18 7 and a half, doubled is 36 by and its compliment 
by 45 is is the laude B, whence the dierence of lntitude 1 is 
245=1 * males. = 


51. 
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222 


| The extent from tangent of courſe 59 


* Stb. By Guxren's Seal. 


4, to tangent 45, 


will reach from the difference of longitude 7 degrees and 
2 half, to 4 deg.ces and a ha f, the meridional difference of 
latitude on the line of numbers; then take 4 30 from the 
line E P, and ſet them on the meridional line, from the lati- 


tude lett 51 deg. increafing (becauſe the c urſe is northerly) 


and it reaches to 53 45 the latitude of B required. 
th. By the Traverſe Table. 


| Over 5 points and a quarter, and in column departure find 


diflerence e longitude 450, or ri ther 45 a 10th. thereof, in 
the acyoining column over latitude is 27, which x io = 
270 the meridional difference of latitude, which added to the 
_ meridional parts of 51 degrees (viz) 3569 makes 3839 an- 
| twering to latitude 53 45 in the table, the latitude of B re- 


quired, 


1ſt. The apparent annual path of the ſun in projections 


The THEORY of the SU N's Declination. 


of the ſphere, or on the celeſtial globe called the ecliptic, 
makes an angle with the equinoctial of 23 deg. 29 min. 


2d. Tl. is 23 29 is the ſun's greateſt declination north or 


{ vth, was firſt obſerved, as report hath it, by PyTHEAVS at 


 Mafiilia about 324 years before CHRIST; and Gs FEN DUS» 
year 1680 ſince 
Carisr, and at the preſent time, there is no great reaſcn to 


concluded it was the ſame about the 


believe it much altered. 


zd. The ſun's declination, is always. its apparent diſtance, 


from the equator, reckoned in degrees and minutes. 


1th. The ſun is in the equinox without declination on 
March the 21ſt. and th: nce to june the 2ziſt, it is north in- 


creaſing, then north decreaſing to September 22d. at which 
time it croſſes the equator, and becomes ſ::uth increaſing till 
 Tecember 21ft. then to March the 2 1ſt. it is ſouth decreaſ- 


ing. [See the introduction page 17 and 18. ] | | 
 ProBLEM, Having the ſun's declination and his meri- 


his zenith diſtance 


dian altitude, or its compliment, called 
given; to find che latitude or, 


e. 


3 0 


de 


r 1 
* os 


required the latitude? 


\ 
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To work an Obſervation. 


Among the various inſtruments, that have been contrived, 
and adapted by artiſts for obtaining the meridian altitude of 
the ſun or of a ſtar, that curious, and uſeſul quadrant, or 
rather Octant, called HapLey's Quadrant ſtands beſt re- 


5 commended, for general utility; by which the latitude can 
be found at ſea to the greateſt certainty, if the ſun can be ſeen 


on the meridian. 
Therefore it may be premiſed, that the elevation of the 


pole is equal to the zenith diſtance of the equinox, or com- 
pliment of its meridian altitude, and alſo equal to the lati- 


tude of the place, whence it follows, that when the ſun is in 
the equinox, his zenith diſtance upon the meridian, of any 
place, is the latitude of that place. e 


Css iſt. If the ſun or a ſtar be obſerved ſouthward, with 
ſouch declination ; or northward, with north declination; 
the equinox will be between the zenith and the obſerved 


object. Therefore, ſubtract the declination from the zenith 
diſtance, and the difference 1s the latitude, contrary to the 


declination with reſpect to north or ſouth. See P. 2. F. VIII. 


If the ſun's zenith diſtance be obſerved 51 40 ſouthward | 

on the 1oth. of December when the declination is 23 6 ſouth; 
itt sotvrion. Geometrical by Projefticm. 
Draw H H the horizon, on which deicribe a ſemicircle 

with the chord of 60 degrees, make 8 Z perpendicular to 


H H at tke centre, then ſet the chord of the obſerved zenith 
diſtance, from Z to the right hand if ſouthward, but to the 


left if northward to £2, alſo ſet the chord of the ſun's or 
ſtar's declination from 55 towards Z to Æ the equinox ; laſt 


ſet a quarter of your circle or fine 90, from ZE to the left 
hand, when the object obſerved is ſouthward, and the con- 


trary when northward to P the pole, and H P meaſured on 
the ſcale of chords is 28 34 the latitude north, which was 


* required. e 24. By the Pen. 3 


Remains Z E = H P thelatituds 28 34. N. 


From the ſun's Zenith diſtance i 40 $.- 
Subtra& the ſun's declination 23 6 8. 


13 
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Caſe 2d. If the ſun or a ſtar be obſerved on thi meridian 
ſouthward, with north declination or northward with ſouth 
declination; the object obſerved will be between the equinox 


and zenith. Therefore add the dectination to the zenith 


diftarice, and that fum is the latirude of the * name as the 
declination North or South. 


E the fun's zenith diftance be obſerved 34 18 fouthward 


ky Or earns * W 


the latitude? 


1/. Geometrically by Projettion. Pl. a Fig. Ix. 


Drau the ſemicircle, and ſet off the zenith diſtance as 
crected in caſe iſt. then ſet the chord of the declination 


from {* towards H. to E. and draw SA, alſo PS perpen- 


dicular thereto, whence P H, meaiured on the chords 1 is 
55 21 the latitade north. 


24. by the Pn. 
To the fun's 2enith diſtance 2 34 18 8. 
3 „ 3M 
Sam Z E=H P che latirade | $6218 N. 


| Caron zd If the ſun or a ſtar be obferved on the mert- 
dian northward or fouthward, when the declination of 


the object exceeds the zenith diftance, the zenith will then 
be between the object and equinoctial. Then the zenith diſ- 


tance obſerved, heated from the declination, gives the 


latitude of the lame name as the declination. 


If the ſun's zenith diſtance be obſerved 11 40 to, the 
norch ard on the zoth of June, when its declination is 


23 29 N. required the latitude of the obſerver? 
72 Gremetrically by Projection, Pl. 2 Fig. *. 


Draw the ſemicircle, on the horizon H H, and 8 2 per- 
endicular thereto, alſo ſet the zenith diftance as directed 
in caſe 1ſt. Then ſet the chord of the declination from 55 


paſt the zenith Z, to , draw S , and P 8 perpendi- 


cular thereto, ſo mall HP meaiure the latitude 11 49 N. 


as: 


e 


obſerved under the pole, then will the object obſerved be 


2s perpendicular to H H, at $ the centre, th n ſet the 
chord of the altitude on the left fide from H to £5 becauſe 


nation from g downwards to E, draw E S and P 8 per- 


pendicular thereto, and H P meaſures the latitude 76 12 
_ northward, on the chords. W. W. R. 


to hs ona. tide of Z S, me: latitude then is ſouth. 


Compliment of the FE Rte n : 
= WS which add the ſun” s altitude > 5 -Þ 36 


Sum is the latitude H He ... - 76 12 N. 
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V..- 24. By the . 
From the ſun's declination C'S 23 29 N. 
SubtraR zenith diſtance | - - 11 40 N. 


Difference is Æ Z= HP thelatitude - - 11 49 N. 


Cas 4th. If the ſun's or a ſtar's meridian altitude be 


between the elevated pole and the horizon. Therefore add 
the compliment of the declination, to the vbſerved altitude, 


and the fum is the latitude nor r'b, or fouth, agreeing with 
the declination. 


If the ſun's altitude be obſerved 8 24 northward under 
the pole on July the 10th. when the ſun's decli nation is 
22 12 N. required the latitude of the Thicrver ? 


11. Germetrically; by Projection. FL. 2 Fig. XL 
On H H a a ſemic'rcle as before directed, 4110 make 


it was obſerved northward, alſo ſet the chord of th. decli- 


N. Z. In all the precer ding directions for projettion, 
If P the pole comes ab ve the 10rOn on the left fide of ZS, 
the latitude is north; bur it P {h-uld be above the horizon 


4 5 the Pen. 


From aer of the irc 9 0s.” 
Subtract the ſun's declination = 22 12N. 
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To obſerve the ſun's meridian altitude with great accuracy. 


1. The height of the eye of the obſerver above the ſur- 
face of the ſea, makes the obſerved altitude a little too 
great, ſee Introduction page 19. 


zd. According as you obſerve by the ſun's upper or un- 
der limb, you muſt ſubtra& or add 16 minutes to the ob- 
ſerved altitude. 


3d. Another eden of the obſerved altitude, ariſes by 
reaſon of refraction, ſee Introduction pages 19 and 20. 


4th. The ſun's declination muſt be corrected, when you 
are in 1emote longitudes from the meridiar. of your tables, 
ſee the Introduction pages 17 and 18. 


E 


S th. If you have not tables of the ſun's declination you 
mull find ĩt as directed 1 ns dt do and 18 of the Introduc- 


tion, 8 Pp 


Exanmyte. Admit the ſun's meridian altitude be obſerv- 
ed on board a ſhip 30 feet above the water, by its under 
limb, to the ſou 3 37 48 m. on the 27th. of ** | 

ber 1773 required the latitude obſerved in? 


To Correct the Altitude. 


Altitude obſerved = - ; 37 48 
For the height of the eye 30 feet ſubtrat 7 m. 
Cf | 
For the obſerved under limb add <p m. | 
3 37 = | 
For refraction ſubtract um. 
True altitude 5 56. 
Subtract from | 9o oOo 
Sun's zenith biſtance 52 4 
By caſe 1ft, ſubtract ſun's declination 2 -- 
Latitude required — 30 47 N. 


Again if che ſun's meridian altitude be obſerved fouth- | 
ward on the 24th, of October 1773, 18 9 by its upper limb 


P 2 


—— * — 
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vn board of a ſhip 42 feet above the water, in 165d. 27m. 


weſt * N required the declination corrected, and lati- 
tude obſerved in. 5 


iſt. To correct the declination for longitude 165 27 weſt 

ſee the Introduction, page 18. TY, 
By our tables October 24th. ſun's declination 11 57 ſouth 
Do. „ 12 18 ſouth 


The daily difference then e 


„ Angbo: f 2: 16. or by eontraction, 8 
As 8: 7 :: 11 : 9 min. the proportional part, to be 
added to the ſun's declination that day by the tables. 


*,* 1 57 + 9== 12 6 the ſun's declination that day in 


longitude. 165 27 weſt e 5 
Whence from the ſun's obſerved altitude 18 g ſouth 


Subtract for the height of the eys 8 
. Sun's ſemidiameter ſubtract for the upper limb * . 
Refraction for altitude 18 9 ſubtract 5 9 I 
| Sun's altitude 3 = us 42 
Which ſubtract from 9o oo 
Gives ſun's zenith diſtance 94 20" 


Sun's declination corrected ſubt. 12 uh 


The latitude obſerved in 60 12north 


—_ 
— 
3 


VARIATION of the Cour ass. 


4 HE imperfection of the magnetical compaſs, opens a 

; large field for the invention of ways and means, for 
the diſcovery thereof, both in quantity, and quality, that is, 

how much it deviates from the true north, and whether to 
the eaſt or weſt thereof, ſee the Introduction pages 21, 22, 
* | 5 


Pans 
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PzozLEm. The latitude of place, ſun's dechination, as 
day. of the month, and tne magnetical amplitude of the fa 
at rifing Gr ſetting given; to find the variatian of-the com 
paſs in quantity and quality. 


ExaurTE. Admit the lattitude 32 10 nonth 1 
Sun s. declination ü 18 40 north & . 
Magnetica amplitude * 


| $ 12 15 ſouth. 
in morning 
= the var lation in quantity and qualiey? | 


17. Sel. — Pl. 2. Fig. XII. 


1ſt. Draw a circle with a veep of 60 deg. and quarter it 


as per fig. with N. S. E. and W. e at 
the right hand. 


2> Set the chord of the latitude if north, from N u 
wards to P, alſo from W to Z if the latitude had 3 
ſouth, chat chord mu t have been ſet from 8. upwards to I, 
and from W. to . then draw the axis PI, and equinox 


AQ 


3d. Set the chord of the declination if north from K and 
Q towands N. but ii ſouth tv. ds S. and. chaw the pacallel 


of dechnation a b, to cut the — NS , the place of 
ſun rifivg, 6 ſet lig. 


4th. Draw C F, parallel to W E. downwards if morning, - 
but upwards ii evening, ſo is EF or WF the true r 
from eaſt or welt, meaturcd ou. the {cale of chards, 


5th. Set the chord of the magnetical amplitude from E 
| if morning, or from W if evening, towards N ors accord- 
ing as it is north or ſouth to G. 


6th. Extend on the fig. from G to N which ſer from F, 

and the other foot falls on =, and the arch N » is the var'a- 
tion weſt, when z fails between N and W but eaſt, when 

fails berw een N and E. and this arch of the variation in 


„„ and 
hell welt. * 


2d, Hy Calculation fo lurduuu. Page. 21. 


VENT MN CUM. =: 


uf. Te ou the true Amplitud: of the Sam at E. 


er Setting. 
As üne compliment of latitude - 37 — 9.7877 
: Radius or fine - : < - go OO 10.0000 
- : Sine of the fan's declipation - 48 40 9.5052 
Sine of true amplitude N 31 


27 9˙7 075 
24. To reckon bath Amplitudes from the North. 


| 5 D. D. M. D. M. 

Mag: amp. 12 10 E. S. ar 90 T 12 15=102 15 ANG. 
rue amp. 31 27 E. N. 2 58 221. 

5 Per Introduction page 22 the variation is 43 42 weſt 


If che fun riſe to the northward of eaſt, or ſet to the norch- 
ward of weſt, the compliment of the amplitude 1s its diſtance 
from north, but if it riſe to the ſouthward of eaſt, or ſet to the 


ſouthward of weſt, add to — am litude, for its 
diſtance from north, af * F | 


34. Having reckoned beth the true and magnetical Am- 
plitudes from North in degrees or 1 Ober ve this 


* general rule. 
Turn youf face to the riſing or ſettiug fun, then if the 
true amplitude be to the right hand of the magnetical, the 
; variation 18 eaſterly, But if to che left it is r; ; and 


their difference is the variation. 
| N. B. This rule is n true for an azimuth, 


AU 


a _ By. an azimuth Cimpaſs, whe the Sur is on the 
- Mer idian. 

=. | 

i Obſerve — wha point or degree the ſun is on at 
1 mid day, that is, juſt when you have the beſt altitude on 


your quadrant, and ihe degrees on the compaſs, between the 
ſouth and that point the fun is on is the variation weſt, if 
the ſun be to the weſtward of the mapnetical meridian ; but 
| eaſt, f the {an be to tlie eaſtward thereof. 
ol In he pr. ce dine examole, the ſun on the 8 that 
fl. day 7 be 43 degrees .. 2 Or 34 3 points, to the weſtward 
0 of 


w 5 
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gnetical meridian anſwering to che variation W. 


of the ma 
as found before. 


4th. By two equal Altitudes of the Sun in the Morning and 
Evening, with their correſponding Azimuths. : 


Take with your quadrant the ſun's altitude, in the morn- 
ing as ſoon as convenient, and let an a ſſiſtant at the ſame time 
note down the ſun's azimuth, or point of bearing from the 
ſouth, in points and quarters, or in degrees and minutes. 
Alſo in afternoon obſerve with your quadrant, when 
the ſan is the ſame height; your aſſiſlant, again noting 
down the ſun's azimuth from the ſouth. Then as it is evident 

the ſun at mid-day was on the middle point between the 

morning and evening azimuths of the ſame altitude, the diſ- 
tunce of that wewy ſouth is the variation, weſt, if the 
 faid middle point be in the S. W. quarter; but eaſt, when 
that middle point is in the S. E. quarter. 
Admit the ſun had been obſerved in the morning at a cer- 
5 tain height S. E. by E. 3 E. and in the evening at the ſame 
height his azimuth was found N. W. by N. three quarters 
* W. required the variation in quantity and quality. 
Sol. it, Azimuth in the morning 4 


= 
+ 
E. 


points 


\ 


2)18 0 Sum. 


Half ſum 9 
Sub. 9 T 


In this example the ſun at mid day bore g points from che 

firſt azimuth, which makes 3 and a quarter from the ſouth 
weſterly, the variation. | e 

5th. by the ſun's true and magnetical amplitudes, at riſing 

or ſe:ting by the plain icale, lee Plate 2, Fig. XIII. 5 


e the carts $ W N E with the chord 60 for 
. the 12 let N. the north; E. the caſt Points &c. 7. 
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chord of the ſan's true amplitude at rifing, from E. towards 
N. or S. according as the ſun's declination 1s north, or ſouth; 
but at ſun ſetting, ſet it from W. with the ſame caution to 
© Then ſer the magnetical amplitude from {} towards 
S. if it be northerly as to x ; But you mult ſet it towards N. 
if it be ſoutherly ; make x » N. E. == go degrees and 
„N. is the variation weſt, when « falls between N. and W. 
but eaſt when it falls between N. and E. as in the eeding 
example where the true amplitude is 31 27 N. and the mag- 
netical amplitude 12 15 S. in the morning. . 
Therefore having drawn the circle as before directed, ſet 
dhe true amplitude (becauſe northerly) 31 27 from the ſcale 
of chords, from E. towards N. to yy alſo ſet the chord 
of the magnetical amplitude (becauſe ſoutherly) from 
towards N to x, Then go degrees from the ſcale of cho 
ſet from x to a gives the variation N. = x E.== 43 de- 
grees anda half weft, meaſured on the ſcale of chords. 
Scuolium. It is now certainly known that the variation 
of the compaſs is always altering, at London 200 years 
ago it was one point or 11 degrees and a quarter eaſtward, 
decreaſing at a flow rate about 9 or 10 minutes a year, ſo 


that in the year 1657 there was no variation, again about ; o 


go years ago the variation was 1 point, increafing by a ſlow _ 
motion weſtward fo that now in 1773 it is above 18 degrees 
yet increaſing, but in ſome places it moves eaftward, in 


others it ſeems to be at a ſtand, and the increaſe or decreaſe _*© ; : 


is variable in different places, and alſo in the ſame place at 
different times, whence it appears probable that in a few 
years the variation will be a maximum weſterly. | 


A Taz of the Variartion of the Compaſs, 
As has been obſerved in ſeveral plac*s ; but is not much 


do be depended on, as it is in moſt places un certain, ant 


in many places unknown, belides the variation is always 

altering, ſo that it ſhould. be obierved for, at all oppor- 

_—_ IS 22 
Coast or EncLanD, 

London — — — is W. 

On h. Wen st, Sea — — i; W. 

Briuſh Ch.nnel = — 16 W. 
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Cos r or EvroyPs. 


„ 
Baltic —— — 12 W. 
Wel Coaſt of Francſsde— — 12 W. 
Weſt at Sea — — — be 0: 
German Ocean — — 14 W. 
Portugal Coaſt t — 10 W. 
Straits of Gibralter ——_—_ f — 3. 
Majorca Iſland — 16 W, 
Sardinia — — — 13 W. 
| Sicily | — — 13 
Canary Iſlands ——_ — 7 W. 
Azores Iſlands | 8 W. 
| CoasT or Ar RICA. 
— N. E. Coaſt —— 6 W. 
Guinea S. Coaſt — s W. 
Madagaſcar Weſt Coaſt — 19 W. 
— To the Southward ——— 25 W. 
St. Helena — — 2 W. 
Cape of Good Hope —— 16 W. 
CoasT or As1a and EAST INx DIES. 
Bombay | — „ 
Cape Comerin —— — 5 W. 
Java Coaſt — — 2 W. 
Indian Sea — — — 1; W. 
Maldivia Iſlands —— — 10 W. 
Malacco — —— 3 F. 
New. Guinea Cosſt.— —êè 6 E. 
— Hollanea— — 4 W. 
Zatland k — 9 E. 
Van Demiens Land GEES © 


CoasT or America NokTH AND SOUTH. 


Vireęinia — 6 W. 

Hudſon's Bay — — 5 30 W. 

Newfoundland Coaſt t 20 W. 
— England —— — 10 W. 


River Plate before. — — 19 E. 
VNCCUH Straits 
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Straits Magellan Eaft Entry 16 E. 

Weſt Entrance —— 13 E. 

Terra Magellanica E. Coaſt — 19 E. 

Cape Frio — — 12 E:. 

Baffins Bay | —— 57 W. 

Braſil Coaſt, Latitude 10 8. — 5 E. 

Ditto 20 8. — — 12 E. 

Chili, Weſt C aſt — 838 
Triſtian de Cunha Iſlands — co 


ToWork a Day 8 Reckoning at SEA. 


z 
% 


the ſhep tails different court. 


8 Hours. 


Day 8 reckoning or day's work, conſiſts of an exact 

account of all courſes, and diſtances that a fhip ſails 
in 24 hours viz. from 12 o'clock or noon till 12 o'clock or 
noon the next day, when out of fight of land; aud to per- 
form this, the afiſtunce oftr- verſe laiting is called i in, when 
24 hour+, therefore the man 
at the helm mum kes p cl: eo the appointed courſe, of 
otherwiſe obſerve care ul) wi at courſe he tteers; alſo once 
in two hours the leg is to be hraved, and the knots and 
quarters or teaths, run eff in half a minute, muſt be fairly 
entefed on the log board, ar in the log book avamft the 
hour: thus are all Courſes and dit ces, very twehouis tobe 


witten down, againſt their refpeciive houts, as in the follow- 


ing table my the 85 board or "gs buok. 


1 a. 


I — , . 3 CUTIE = at N — 
1 | 


Courſes. | Know. Winds. Tested 


2 —— 


At 6 P. M. 

— {Cape Cle | 
„ dete N. | | 
S8. E. An | 
J — [4 briſk gale, 
j —— [ingle reeft; 
: E. S. E. ſtopſails. 

„ Zun's mer. | 
ali. 64 27. 
—— |} ar. 2 and 
> —| 72 —— |: balfprs W. 

EY EO N. . 


„ 1 
vw 0 O 0 O 


ny 5 


\ 


| Courſes Correfted. Points Dit N. S. E. Bag * 
W R F 
1 = x | | 
r D k 5 £ 91 — : 8.8 — 8 9 1 
Is. W. by 8. TW.| 35 | 29 | — 22-2 | — | 18.3 
| 8. 8. W. + W 142 46 — | 40-4 | = | 21.8 
8. S. W. [2.39 | —[38-2]—| 7.6} 
S. by W. 2 W. [ir 29 — bete — | 8.4 
VN. B. S. half W. d ft. g is the true 17 | 57 } 
Ibearin* of the ſhip f m the Cape. ! | | i 
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N. B. The courſes on the log board, muſt be ſet down 
as given by the compaſs, and 24 hours after or the next 
day at noon, all the courſes the pait day are to be carefully 
coriefted, by proper allowances for variation and leeway, 
and if there be a current, c.nkder it as a new courſe of the 
flip, all which muſt be put into-a new table, and for ſhort- 
neſs put din the diſtances in one tum that belong to the 
ſame courſe, doubling each diſtanc? from the log board as 
the log ia only heaved every two hours. ; 


Whence we get the following T ants. 


* 


Then having ſet down as above the courſes correfted, 


points, and diſtances, find the aitterence of latitude, and 
 Cexaiture, by the traverſe table, or otherwiſe as directed 
ir traverſe ſailing, by which the difference of Jatitude will 
be found 137 ſoutherly and he departure 57 weiterly. Alſo | 


th courſe made good, and diſtance, may be found by the 6th. 


caſe of plain failing, and the difference of longitude by caſe 


the zd. of Maca rox failing, whence the place of the 
ſhip is known, all which muſt be car-tuly entered into the 


Z journal; and then the day's reckoning is completed. 
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It will alſo be neceſſary often to calculate, what courſe to 
ſteer to find your deſired port; by the firſt caſe of MAC A- 
ron, after yuu have found the latitude and longitude the 
ſhip is in. £0 
| 20 Correct the Reckoning. 
[See the Introduction. Pages 27 28 and 29.1] ; 


To keep a Journal of a Ship's way at Sea; Or to keep a Sea 
Eons Reckoning. FD | 
In keeping A journal, chooſe a guarto book, conſiſting of 
2, 3 or 4 quires of paper, ruled as directed in page 24 of 
the introduction, or as in the tollowing j urnal, into this 


book, mult daily be punQualy wrote down, from the log board 
or log book the couries, diſtances, difference of latitude, 


and departure, with latitude and longitude the ſhip is in, 
tranſactions of the day, as winds, weather, currents, ſet- 

ting of the ſea, handing of fails, ſoundings if any, death of 
men, mecting or parting with ſhips, ſun's meridian altitude, 
ſun's true and magnetical amplitudes, the variation of the 
compaſs with other accidents, gx. occurences, this book 
ought to be ruled and prepared ere you go to ſca, that 
it may be ready for uſe, _ EE . 4 


When you go out to ſea, you mutt find the courſe to be 


| Keered, by having the true courſe, and variation, this may 


be done by laying a thread aver the figure of the cou: puts to 


9 © 8 1 '4 
repreſent the true meridian, and from this reci: n as 1.4ny 
points into the proper quarter as your churſe is, and witie 


that falls is the compaſs courſe to be fteered. N 


At parting with the fight of the port, or ſome care or 
head and, af a kn wn latitude and lonitude. its beir ng 
muſt be obſerved, and diftance eflimated, and the 05: 1te - 
point and eſtimated diſtance riay be canſigered as tie fit 
courſe and diſtance fm that cape, then at the end of overy 
two hours, write on the lg board the courſe fteerc} und 
diſtance run againſt the hours, and this work n a by ropoated 


at every two hours of your day's wor-, and alſo cvery day. 


„ Then 
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Then mind, that every day at noon you copy into your · 


journal, what you find on the log board, and work up your 
_ day's 3 before directed, ptacing the courſe c 1c- 
cd, uiſtance, difference of latitude, departure, la ĩtude, dincreuce 


ot longitude, longitude ſhip, in their reſpective columns, ſee 


the following example ot a journal  _ 
N. B. the title of your journal muſt expreſs the lati.ude 
and longitude of the place failed from, and bound to, with 


krue courſe and diſtance found per caſe 1it of mercator's | 


ſailing | F 1 
We ſhall only add that our young navigator ſh ald 


never omit, to obſerve the ſun's metid: an altitude, in order 


to aſcertain the true latitude, nor ever omit to take the 
ſun's magnetical amplitude morning or evening, to obtain 
the true variation, and that we ſhould think him better 
qualified, for giving a good account of a ſhip's way at ſea, 
provide he knew a few of the principle fixed ſtars, whoſe 


declinations are known, ſo that coming in with land in win- 


ter when days are ſhort, and ſubject to be thick and hazey, 


he might obſerve by a ſtar in the night, and thereby obt- in 
his latitude, and be ſure to leok out for land ſome days be- 


ore he expoct by his reckoning to be at it. 


A Table of the Declination of ſome principal fixed Stars, 


; tothe year 774. 


CT —_— 


* - . 8 — — 


Stars ; Declination | | Stars Dieclination 
5 D. M. „% us Þ 
Arcturus 20 22N | Orion's Belt middle 1 22 8. 


Andromeda's head 27 50 N | — Fc. Rigel 8 28 8. 


Brighteſt of Aries 22 23 N. | — Right Shoulder 7 21 N. 


Do. of the 7 Stars 23 23N | Pegaſu Wing 13 56 N. 
Bull's eye Aldebra 16 2 N. | Scorpions Heart 25 54 8. 
Eagle's heart Aquila 8 15 N. South Fiſh Fomel. 30 55 8. 


Great Dog Syrius 16 24 S. | —T win Polux 28 34N. 


H\ dra's heart Alph. 7 40 $ | Swan's Tai Deneb. 44 25 N. 


Laſt in G. Bear's ta 50 27 N | The Goat Capella. 45 44 N. 
Lion s heart Regu 13 3 N. . Harp Lyra 38 35 N. 


Ditto Tail 15 50 N Virgins S*ke 9 58 8. 


Nor. Cro. Ariadne 27 30 N hale's jaw Cetus 3 11 N. 
| South Tail 19 14 


Do. Twin Caitor 32 22 N. 


A 


Journal of a Voyage, 


V. 
1 


8 N 


IN THE 
, EN; - 
From Cape Clear, 

Latitude : — 5 - © 4 51 10 N. 
_ Longitude - - 10 30 W. 
Towards Cape Henry, 

8 Latitude | | - o — 37 OO N. 

Longitude 8 3 5 75 2 W. 


Courſe - -» 0. mg - | 
VC 


Departure per MxRcATOR's Sailing 2760 m; 


| A. B. Matter, K t by X. Z. Mac. 
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_ Courſes, 


| 
| 


| Knots. 


[Half kn R 


2 


2 OY 
4: : — : ; 
Su . Ho Pe 2 
. IS. E. by E. 
112 BE: BR — 
4 JS. W. + W. 6 1 E. 8. E 
3 — 6 8 
10 . * — 
| = | E 
1 & BE 7 —— 
F-- | | | | | 
| e t 
| Courſes. : Courſes Corrected 5' | Þ | S. | W. 


l 


{ Courſe made good. Diſt | N. S. E. W 
o 
OS. .. . 57 


84. 


TxAxsACTIOxS 
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TRANSACTIONS. 


Jows 30th. This afternoon at 6 had Cape Clear vary 
N. E. by N. diſtance 3 leagues by eſtimation, a fair briſk 
gale. 15 | | 

At 5 A. M. ſpoke the Favourite of Glaſgow from Virginia, 
ſingle reeft topſails. | — nnn 


Sun's meridian altitude — 1 1 
makes Jatitude per obſervation - = 48 59 
Variation 2 points weft. | 
Sun's zenith diſtanee -.. 235 uy $. 
Declination add 23 10 N. 
Latitude per obſervation * cM 48 53 N. 
Longitude cape — — 10 30 W. 
Difference of longitude adi 1 29 W. 
Longitude ſhip : FFF 11 59 W. 
V. B. In this days work the bearing of the cape at 6 
clock N. E. by N. is conſidered as the ſhip's courſe from 
the cape on the opoſite point 8 W. by S. diſtance 'g miles 
which when two and a half points are allowed for variation 
to the left hand makes S. W. and ſo tor the other courſes 
as above. 5 | 1 
| -atitude | Departure | Diff. long | Long ſhip } 
F3F3ʒß3 x TOWTT 
1 | . . 3 3 in OT 3 A 
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BY Courſes eorrefed | 
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gene- ene 
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July 2d. Court. | Diſt. | 


55 45 Weft. | 131 
Or 8. W. y W.... 


— 


55 
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TRANSACTIONS. 


DNS | 
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T RANSACT IONS. 

Jor.y 1. This afternoon a fine breeze wind ſhifting. 
foutherly, at midnight cloſe hauled, on the larboard Lack. 
whole topſails on, 1 porn and a half jeeway. 


Sun's meridian altitude 


331 
Sun's magnetical amplitude morning E. 10 ON. 
True amplitude — E. 36 30 N. 
Two points and a quarter variation 26 30 W. 
As ſine compliment latitude - 41 30 5 
: Sine of ſun's declination — N 23 7 N. 
Radius - - — 99 8 
: Sine of ſun's true amplitude = 36 30 N. 
| "7 BI zoth. Longitude 11 59 W. Latitude 48 53 N. 
Diff of longitude neg FFC 
E o ſhip — 1445 W. 96 32 
+ ou 48 16 
co. middle a \ >. - 41 42 


V. B. Tu this day's work after mid night, ri cloſe 


hauled on the Jarboard tack the 1 point and a half leeway, 
and 2 points and a quarter variation, go to contrary ſides, 


whence their difference three quarters of a point allowed 
as variation to the left or to windward, makes the 
W. S. W. courſe, S. W. by W. W. &c. as above. 


Lat. by Acco. | Departure. Diff. of lon. Lon. Ship. [ . 


1 
| | FS | 


407 -wN j 166} abs [14 43W | 


* — * 5 . SEV 3 4 2 * : 4 


Hours 
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TRANSACTIONS 


CE RAS _= 


| TRanzacTi0 IONS. 


ET 2d. This 24 hours variable winds, cloſe hauled, at 
le reeft ropſails, at 8 double reeft them, at 12 
took: 3 in r topſails, at 8 more moderate all fails ſet; one 
int and a half leeway till 8 P. M, from 8 to 12 two points 
y, from 12 to 8 three points leeway, from 8 to 12 one 
point Jeeway. 


Variation 2 p_ weſt, Be. = 
(5s 
| Sun's meridian e 63 52 8. 5 
Sun's declination e 23 2 N. 
Zenith diſtance 26, 8- 
Latitude per obſervation -: 1 %. 


> a. Me en i -  " 
00 7 - 52: 26 zn ſubtra& 


Which alſo ſubtracts. See the [ntroduQion. 1 29 


1 As the courts i is more than four points from the 
meridian, we apprehend there is ſome error in the courſe, 
either by bad ſteerage, leeway, variation or ſome cue. | 


which i is corrected as above. | 


* ä 
9 — PR. 44 


ba by Acco. Departure. Diff. of lon. Lis. Sh p. = 
e AN e 217 | 18 20 W. | 
W 2 


n 


— 
t 


M 
IT 
* 


"I. 
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O 
1 © 
> 
uw 


: Jul 4th. Courſe. | Diſt. | N. 8. E. | w. | 


| — 
8 


TTT 
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TRANSACT IONS. 


July 34; A firong. gale of wind at 4 P. M. took in our 
ſmall fails. at 8 double reeft topſails, at 12 took in both 
 _topſails, and at 8 A. M. ſet them again, moderated, wind 
ſhiſting eaſterly, at 10 ſaw a veſſel to leeward of us. 


Sun's zenith diflance 
Latitude by obſervation 
Sun's magnetical amplitude w. 55 51 N, 
Variation 1 and thees quarters Weſt 


The ſun's true amplitude W. 36 ro N. or 53 go from N. 
Magnetical amplitude W. 55 51 N. or 34 90 from N. 


Variation 1 3 = 19 41 W. X. 


Becauſe, when both are reckoned from the north at ſun 
ling; and true amplitude greateſt the variation is well. 
See . page 22. 


Latitude pr. ac. Departure 


= | > - 85 | 8 
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(z) 
5 
PN 


w 0 + MN 


Sees NCC 


— 


8 


8 
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153 


N. 


| * 


| 


fours. | 


rr 


Diſt. 


1644 — 


| 


— 


. 
— 9 _ 


| Jul stb. Courſe. 


TrANSACTIONE+ 


532 miles by the firſt caſe of mercator's failing, 


[GN] 4 j fu T{ 
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TRANSACTIONS, 


Jeb ich. A fmart bree 2e, à little increaſing, ſingle reeft 


_ topſails at 10 P. M. at 4 A. M. ſhook out the reefs, * 
Eazy weather, no obſervation. | 


Magnecical amplitude none [ 


Variation one point and a half weſt 


V. B. This day wee ckon cape Clear bears from us 
E. N. E. by our compaſs diſtant 575 miles, and that Corvo 
one of the weſtern iſles, bears from us S. W. half W. diftance 


| 


iS 


W.N.W 
W. by W 

N. W. by W 
N. W 


„ CNN eee 
YR 1 
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Tiastat rien. 


| N. 


Diſt. 


| 


4 


2 : ; 
— — R - 


I 8 — mne EEE FF 
— — 


7.0 6b. Courſe 
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TRANSACTIONS. 


725 oth. This 2 done un increakin gale, flew out at 
W. N. W. ſo wes Bru 12, at 6 cloſe — t topſails, at 10 


took in both topſails, ⁊ form beginning to —_ at 12 at 
night more moderate. 


A great ſea ſetting S. S. W. 
At 12 got an obſervation. 


| San's zenith dance 19 30 S. 
|  Declination add £ 22 46N. . 
OO Latitude perobſerraion 42 16 N. 


nene anda half weft. 


This day variation and leeway beck go to tte lee 

hand fide, ſo that when topſails are in three points leeway, 
and one and a half variation make four points, whence our 

— ol half W. courſe corrects to ſouth, as in the . 


N. B. Here by a good datos cw ts ſhip 37 
miles more ſoutherly than by the reckoning, which we attri- 
bute ly to the S. 8. W. tra, and as our difference of 
latitude the three laſt days is 377 and departure only 183, 
we conclude their may be ſome error in the diſtance. See 
the Introduction, page 28 and 29. | 


Lat. per. ace.” Departure | Diff. Long? Longitude ſhip 


1 


a. 1 


| 42 53N. | 478 36 m. 1 22 30 W. 


| 4216N. | 4 | 25 | 22 56W. 


——— — — | | — 


. 827 


— 
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. Say as difference of latitude 377 m. 
: Departure 1 18 m. | 
: The error in latitude 37 m. + 
The correction in departure 18m, 
. | £ 
As fine compliment middle latitude - 44 17 
: CorreQtion in departure „„ | | © 
:: Radius £ 9o oo 


26 m. | 
Then as the ſhip is before the reckoning, they both add, 
ich reſpect to difference of latitude and departure. 4 


The correction in longitu 


The uſe of the plain Chart in Sailing. See Plate III. 

IE T us ſuppoſe we fail out of Mary. bound for 
I Dublin * being "Wig cke offi at Xx, 
night coming on, lay a ruler to x the place of the ip, and 
it appears that a S. W. by 8. half W. courſe, carries us 
ciear of the Iſle of Man, therefore allowing two points varia- 
tion weſt, we ſteer S. W. by W. half W. by the compaſs 
for eight hours 5 miles an hour, ſo that drawing through 
X a 8 W. by 8. half W. line, and ſetting thereon 8 * 5 
== 40 miles, we reckon at = a breaſt of Douglas; Then the 
wind ſhifting to W. N. W. by our compaſs, fmall fails 
taken in, we lie up to 8. W. on the ſtarboard tack, ſo that 
allowing two points variation and one point and a half 
leeway to the left hand, our true courſe is then 8. half W. 
Laving run out zo miles; we reckon at n, wind ſhifting to W. 
put about on the larboard tack, lies up toN:N,W. puts on all 
fails, variation and leway allowed to contrary fides, makes 
true courſe N. W. by N. runs out on that courſe 27 miles to 
c, finds we cannot weather the Calf, ſo goes about to S. S. W. 
_ variaticn and leway allowed again, make S. by E. after we 
had run 18 miles on that courſe to a, wind ſhifting to WN. W. 
and ſhortly after to N. W. we then laid up to W. 8. W. by 
the compaſs ſo that we reckon our courſe S. W. by 8S. 
© Having run out 15 miles, we reckon at & a breaſt of Holy. 
head, Wind again ſhifting to N. N. E. by laying a ruler to 
the ſhip at þ and to Heath head we find our true conrſe W. 
dy 8. one quarter W. variation allowed makes our 

compaſs courſe W. N. W. three quarters W. diſtant from 
Hoath about 57 miles, the wind being fair arived ſafe in 10 
_ hours at Pool Beg, 1 . 


Tan- 


— wr  yTc OTH. 


9 
— 


meridian 4 30, which meaſured on the ſcale is 17 miles 


VENI-MECUM. ver 
Traverſe Sailing, by the Chart. 


Admit a ſhip at P fails iſt. E.S. E1om, 2d. S. by E 6 mz 
zd. S. by W. 7 m. 4th. N W. by N 8 m. sth. E. 18 m. 
6th S. W. 22 m. 7th N. W 15, m. Sth S. W by s 24 m. 
- S. 8 E. 12m. 1oth N. Im. 11th S. W 11 m 412th 

„S. W. 15 m. 13th S. W. by S. 19 m. required then her 
true place on the chart. | Ras | 


SOLUTION... + 


Lay a rule to P. on the chart the place of the ſhip at firſt, 
parallel to the 1ſt courſe E S. E. and draw the line P 2 
io the diſtance on that courſe; then lay a ruler to @ the 
Place of the ſhip then, parallel to the 2d courſe S, by E. and 
draw the line'a 5 = 6 the diſtance on that courſe ; and thus 
proceeding to the end, the ſhip will be found at the points c. 4. 
ef. g. b i. l. l. n. and laſt at N. due eait from Drogheda, diſt- 
ance about 14 m. her difference of latitude P R. 66 miles, 
departure R N, 43 miles, diſtauce PN. 77 miles, courſe 
from P; S. W. by S. nearly. This is called pricking the 


| char * 


The uſe of Mercators Chart is the ſame, only every diſ- 


nance ſailed muſt be took from the graduated meridian in or 


near the parallel of latitude failed in. 


To find the Latitude of any Place in the Chart, as the 
Calf of Man. 


Take with your compaſſes the neareſt diſtance from the 
Calf to the parallel 53 3o, which meaſured on the ſcale is 


23 miles . 53 30 + 23 =53 53 the latitude of the Calf 


required, | 

N. B, If the place propoſed be in a parallel of latitude, 
the latitude of the parallel is the latitude of the place, as 
Drogheda latitude 53 30 No. Mary Port 54 zo N. 


To find the Longitude of any Place in the Chart ; as the, 


Calf of Man, 
Take the neareſt diſtance from the Calf to the neateſt leſs 


— 
3 
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*. 4 30 + 17= 4 47 W. the longitude of the Calf of Man 


5 To find the Diflance of any Two Places in the Chart. 


As the. diſtance of the point of Ayr, the N. end of the Ifle 
of man 10 Whitehaven. | ; 

The extent from point of Ayr, to Whitehaven, meaſured 
on the aw makes 32 miles the diſtance required. 


5 7. 7 Meaſure the Diſtances of Places on a Mercators 
8 18. | Chart. | : 8 


Cas 1f If the two places be on the equinoRial line, their 
Aiſtance aſunder is expreſſed by that line graduated. 
| ad-If the places are both in the ſame longitude on a meri- 
ian, ar parallel to a meridian, their diſtance meaſured on 
the graduated xmperidian, in their proper parallels is their diſ- 
OO ne 
41 It the places be both in the ſame latitude, on a parallel 
Al latitude, or parallel to a parallel. 
Take the diſtance of the places with a pair of compalles, 


- 


the ſame number of degrees, leagues, or miles, contained 
between each foot and that parallel on waich the places lie; 


and then the diſtance between the feet of the compaſſes 


reckoned there is their diſtance aſunder. 
At I the places de in different latitudes and lengitudes, 

neither on a meridian or parallel, nor parallel to meridian 
or parallel. | 3 : 
Traakc their difference of latitude, with a pair of compaſſes 
from the equinoctial. - pn 
Then lay a ruler over the two places, and apply one foot 

of che compaſſes ſo to the ruler's edge, that the other turned 


about may juſt touch an eaſt and weft line croſſed by the 


ruler ; then take the diſtance from that foot at the ruler's 


edge, to that point where the ruler meets the ſaid eaſt and 
weſt line; which meaſurcd on the equinoctial line is the dif- | 


tance, which was required 


4 


which apply to the graduated meridian fo that there may be 


WOO Of OT I ay WEI To EL WO WNT DT REITs 


W 


Foreland N. and s. 
Fowey Cornwall 
Graveſend 4 


5 Hampton Key SPORE 
Dutham | 3 0 Y 


= - 
— 
* 


Durwich Suff 
e 
Falmouth 8 


0 
Flawboragh head 4 0 
Fluſhing - 


Gurnſey Iſland 


6 = wwwg = = 50 As ac 
> 
Wi 
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A: T TABLE - Acne the Hour of High Water on 
the full and Change Days, to be to the Time of 
Abm. — at any other Age: 

Places on the cage 
SCOTLAND: 4 Harwich Eſſex = 
H. M. Haſtings g 
. 
2 15 Humber-moum 
3 0 Lands ena 
2 o London _ 
2 15 Lynn Norfolk - 1: 
4 30 Lymn without 
4 o Margaret road - 
6 o Milford and moonleſd 
$ is: Haven 
=Y- SG eee : 4 — 
ewport I. wighht 
car of EncLand. __ _ ml —— 
Z | ymouth =. = 
| Berwick Ft )( -* 
Beachy * - o o Portſmouth . 
Briclington pier | - 4 o Nochel er 
Bristol | M9 - ; 
8 Fey — 45 Sandwich * 
| Buoy of nore o Scarbourgh = 
Dartmouth - 6 30 Severns mouth — 
Deal - 10 30 Sheerneſs < = 
Dover - 11 30 * . 8 
Dow us 15 Sou - 
Danoſe I. wipht 2 | eee oa - Ir 


Thames mouth - 


Tinmouth < - 6 oo 
Topſham 8. * 6 E 

W Er ME 2 
Waſh, Lincon. - 6 30 
Weymouth = 7 „ IK 
— — - - es 
„ aw ? - 3 : 

Winchenlſen at 4 


—— -- 


* 7 " 5 
— 0 * . D 4 7 ö 4 | . _ — — 
* _ — EK 8 * ” . 4 * I ED 7 r N 
* " > .. 7 * * K 0 * $ " . 1 F | . 
N N 5 - „ N 
] 9 7 | ” p I E - g . 
7 ” * 0 _ MY : # . . : 
Fr . as 7 N 1 | 4-4... - * 2 
* S ou . — 1 + a | 
s * 7 ® — 6 4 : ; 
” ; . 5 b A | 
* A A G - 4 : 
. - 
= 9 * _ b- ; 
- 1 N : _ | 
o * p 
” * . 
4 
„ 
— 


©» 


34 2 4 


49 


© $28 * 


* 


— ꝗ ͤ— —t: mb = 


— 
2 R 
. & b I 


—_ uw 
* 
* 


| | ; 
* * * * 
: "> > "4 4 = l 
l e 
"WF. 2 
5 

— ——— — , 

: 

7 
IM . 
* #34 
* 
" 
+4 þ4 
” 
1 * 
: 
5 
. 
* 


EE, 5 5 — 
; Canclfeague _-” 
” "* £ 4 | a 


Be Pact 


„ 


t 
| Z amba 


| NY CHANNET. 


. 
8 


, All 7 


— 
* *« 


* 
5 5 


Fran 74 


. 


bee. 


— — — 


King Will. en 
8 5 H.+ 


25 my A 1\ * 


0D ay 
AZ dinmran 


ſ{WALE 8 


Fer, 


15% K 


9 


n 


„ 


1 


9 


33 


* 
* 
* 
- 
F 
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- 
FM. 


Cape Cantin o 0 Nantz ever . 
good hope 3 © St. Nichols in Ruſſia 6 a 
—— dvierece de Normandy coaſt 10 30 
Leone Guinea 8 15 Nor. cape maggero 3 © 
| Caikets within 9 45 Peru c aſt 3 
without 8 15 P.deſemſk Ruſſia 6 45 
Chili coaſt 3 o Portugal coaſt 3 45 
Deſire point in © Quebeck Canada .'S-: 
America o Oo Queenſborough I. 8 © o 
Flanders banks 1 0 Rotterdam 1 TR 0 
Fin mark coaſt 1 30 St Auguſtin Flonda 7 30 
Florida 7 30 Scily Iſlaads . 3 45 
Friezland coaſt 7 30 Senegall 10 30 
Hague 8 15 Spain weſt coaſt 3 & 
St Helens 10 30 Tenenff 3 © 
12 Iſland o o Zealand cealt 1 30 
Mackwells caſtle 8 15 Zeric ſea 3.09. 


To fad the Golden We Dominica 1 Hs, new 5 on 2 E 
and full Moon, Moon 8 age and Southing, any your fo. | 


come. 


To the var 
Add . 
The golden number 


- * the Dominica l Letter for 1774. 


Rur t. To the year add its 4ch. part (omitting fractions) 
take a 7th" of the ſum, and ſubtract the remainder from 7, 
then i 1 f are A, a 30 OE. or 0 G, is the 


. letter. 
it: 


See the ee Pages 30 and 51˙ = 
17. Required the Gelden 2 Number for. 1771. . 2 ws _ 


17. 


191775 G3 


LEY $30; W. K. ; 


AD 


N -— a9 - 


OO OA OS IS. \ 


— — OY 


— U 


* 
* 


. ts, r* 


— 7 
N , * F = Y - ” 
/ FR rg, LEES 4. 2 PER — *. A Ps 7 K 
C5 ' ” ” 2 _ l 
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1774 the year 
quarter 443 * 
D- 


376 and 5 remainder 


. 7— = 2 that is, Bis the dominical letter. 
N. B. ift. In leap year are two dominical letters, one 
for January and February, and the other to the year's end, 


this rule gives the latter. If the rule gow B the other is C, 


if C, the other is D, xc. 
2d. Every 4th. year is leap year, or every year diviſible by 


4 Without remainder is leap year. 


3d. Required the ea? for 17 7 


Golden number 8—1=7 
Multplied - 1 11 
30072 
0 
The epa 17 W. W. R. 
| 4th. Required the Day of new Moon in Mey 1754. 
To the epact 17 
Add may's number a. 3 
. 20 
Which ſubtract ben zo 
New moon the 20th. of May 
th. Ad the Day of full Moon, i in October 1774. 
85 Toe 2 
Add October number | 
Which enn from „ 


| Fu'l mon the Loth. of ORober 
According i to the mean motion FO a 
EY 


VENI-MECUM, mY 3 
6th, Required the Moon's age, on the 25th. of May 1774. 


To the epat 17 
Add May's number 1 
And day 25 
5 - 
Subtract 30 
Moon's age 5 15 Days 


7th. 3 the Moen? 5 Sachin on May 1000 ls 
it is 10 Days ad. 


Age 10 Days 
Multiplied . 
Moon's ſouthipg 8 d' Clock 


To reckon the tizes, See Introduction, puge 31. 


Required the time of high Water at Edi nburgh, when 
the Moon is 10 Day's old. 


WS 

To the 3 5 8 oo 
Add trom the table 4 30 
High water at 22 20 


* N —c 
Es Her: a 5 


4 Ta BLE of tbe 13 a 8 2 London, of | 
the principal Harbeurs, Headlands, Bars, River's Mouths, 
and Iſlands in the knewn World, from the beſt ur ; 

and thoſe marked thus * from Correct oe. : | 


On the Coat f.ENG LAND. 
Names of Plas | Latirude Lon gitude 
5 ; D. M. "DIM: 
ERWICK „ N. 02 46W- 
»» —¹ w-» 5 3 32 1 30 
„„ TE SI x 1 20 


Whitby 


ut 
Nam of Places 
—_—:; 


 Humbro-head - I 


S —__ ap; _ 
Hull Py - 
a Lynn . - 8 
Varmouth 0 - 
Ipwich — 2 
| Colchefer | — - 
Lerdon * - | © ; 
5 cheſter „„ 
ate . - 
be Downs | - 6 
Te D.. ver 7: - 
Ber chy « - - 


Pcrtfmouth © 


I. Wight Newport 4 
„ 2 . 


Torbay — - 


The Start Fw” 55 


Piymoum - RE 


ES Ems 
Lizard“ - - 


La c's end 2 
Scilly Iflauds St. Mary FE 
54-4 ſicnes - * 
Lundy Iſſe 5 
Mort bay, and point 5 
Briſtol. - - 
Milford 2 1 
Si. Davids Head | . 
8 Lov: pool | —_— „ 
Laycaſter . 
| Whitehaven 3% 
ile of Man weſt end 
3 | Holy head _ _— 
| Coasr or 
the Ind north end 
It. Kildzy — - 
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SCOTLAND. 


* 
_ 33N. 


os 45 W 


9 45 


Lewes 
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ſ 
Names of Places. Latitude L. ygivde 
| 7 | D. MD. 
Lewes Iſland north end 58 20N. 97 oo W. 
Farro Head or Cape wrath | 24 1 
Shetland ſouth end © - 60 4 2 oo W 
Fair Ille 1 59 30 2 20 
Iſles of Orkney „F 
Cathnels point 88 40 4 30 
Buchannels « — 57 45 1 18 
Aberdeen - . | 22 1 40 
Du dee - - $6 28 2 40 
Leith 5 „ 50. © 2 56 
Edinburgh * - » 
Guaſcow. on TT 4 5 
Cos r or Inziand. 
Fair Foreland < < 55 5N, 06 30 W 
J Ge anne” ).. 
Belfaſt | 55 19 $54 
Iſland Torre - . Ev 8 30 
lies of Arran. «i "I 59 
. 1 7 9 40 
LE - 52 23 35 
Sline head = - 3 20 I1 I5 
Blaſques wet 9 56 
Shilocks - - 1 30 5 5 
r 1 22 10 36 
Mzen Head -—< 8 = IG 11 30 
Old head of Kinſale 51 35 08 58 
Cape Clear = - = 10 30 
_ K:nfale - 5 — x 30. 99 40 
Cork 5 — — . 49 1 _ 
f OO one Yo Ta 
V exford — * „„ 1 7 28 £ 
i Dublin — | - | 53 12 5 1 | 56 
| — Iſland 5 Da 5 59 
Coaer or Hottaxp AND  Franpres. 
= . | 5 | (N. 10 20 E. 
. Balla '. _ | 7 41 10 40 


Wremen 


— 


Name; of Places 
Bremen 
Embden 4 
Schelling - 
The Fly - 
Th- Texel - 
Amſlerdam * 
Rotterdam - 


Antw-rp = 
Tne Brill 


Sluys - 
Otend *- — 
Dunkirkx 


Calais 

Die ppe 5 
Rouen mouth - 
Cape Parfleur - 


— De la Hogue 


Alderney — 
GBuernſey - 
_ Jerſey WS 
St. Maloes * - 
.  Morkuiz -. : -_ 
Iſland de Baſs -— 
- Uſhant- © = 
Breſt * oth 
Weſt Pen mark 
Boll Iſle 
Nantz * - 
Iſland Dieu 


Isles of Oleron =- + 
"Kockel *  -- 
Bourdeaux * '« 


| Bilbua - 
Cape Pinas - 


— Onegal | 


Hey's Iſland „ 


St. Hebaſtiaͤa 


M 3 in Zech 
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Latitude 
D. M 


53 N. 


5 


CoasrT or FrANncEg AND PoXtTUGAL. 


82 ww 


% „ % „ „ & h „% 
NN 
QA 


Longitude. 


D. M. 
og © E. 
35 

2 
30 E. 
255 
4 
30 
20 


20 2 0 


1 
58 K. 
43 

I 


27 


Ie 


EN * 


You . 


Pe 
Rock of L ſbon 


Cape Trefolgar 


Cape de gat | 


B rcelona * 
Marſeilles“ 
Toulon 


Lay 0 5 


Jerufaiem * 
| Alexandria * ah 


Seven Ped 


| Cape Tenes 


VEN I- M E CU M. 
Names of Places 
Cape Corumna or Groin 


— Fi iniſiere 


Cape St. - Vine '- 


coast on Tas Cox Trix EXT wiTHIN THE STRAITS, 


G:bralter 


; Contiantinopole 33 
Smyrna | 


1 . wt 


_——_ TS 


$a OY SS F% 


225 


| 
i 
1 
N 
fl 
k 
1 


152 


: ; & 
Is LAN Ds WITHIN Thy STRAITS. 


_ Mincrca city 
Pert Mahon deen * 


1 Places ; 
Ivica IF 
Majorca 3 


Sardinia fouth end < 


Strem bello 


Jiepano weſt end Sicily 
Pele mo in vicily 


Cape Paſſaro E. end Sicily 


Meſſira in Sicily . 


Sy racuſe ditto 


Malta 


Cer halunia 


r 


. city 


Lemnos - 


Cape Sygre Mery "ag . 


Scio or Xio 
Patmos " 


Millo or Melo 
C. St. Jonn W. end Candia 


C. Solomcn E end duto 


—— St. 


2 — 


Coat or Banpary AND vixen, | 


Cape Spartil 


— Cantin 


— Rajadore 


| Rhodes north ena = 
— Youth enu 
Cyprus Cape Baſſa 


Andrea | 


— 
— 
— 


— Blanco — 


Corfica ſouth end Bonifacio 
| North end C. Corio. 
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34 57 


"39 34 


35 N. 


32 36 
20 4 


20 32 


E. 


S / »¶ co... uca_x= 


20 0 
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Names of Places Latitude 
| | D. M 
Senegal — _ . 
Cape de Verd *® — 14 43 
Month of R. Gambio -— 13 
Sierra Leouba — 08 36 
Cape Mount — 6 23. 
River Seſtor or Seſtos ee 
Cape de Palmas 4 13 
— Ti. ree points — : 4 28 
— Formoſa — . 
New Calabar entrance — 4 42 
O'd Calabar entrance — 4 10 
River Angra — „ 
Cape L pas o 55 8. 
River Congo. — 05 49 
Angola —— | 8 57 
Cape St. Thomas — x mg. 46 
— "Of good Hope 34 15 
Wezraax leren, 
Corvo _— 39 54 N. 
Flores ( Azores) — 32 32 
Fyall 3 
5 Pico — 38 40 
St. Georg — 38 52 


Canary ISLANDS. 


Sancto Porto — 32 58N. 
Madiera weſt end 3 
| Palma — — 8 4 
WE I, Havens — 55 
I Pico Teneriff — 28 23 

Grand Canary  —— - "IF 08 - 

1] Forteventura weſt end — 8 
Lancero(taa 1 

5 Allegranſa — 29 20 
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Cars ve Ver ISIN bs. 


Latitude 


| — Fa 


Names ff Places 
St. Antonia — 
Vincent — 
cia or round Iſland 
 ——— Nicholas — 
Ille de Sal — 
Bona viſta — — 
Mayo or Iſle of bay. | 
St Jago 


17 


D. M. 


| | SouTurnn IsLAxDS. 


Fernando Poo 


it 4 an de —_—_— 


De Prince — — 
St. Thomas — 
Matthews — 
Anna bona :?:! 
Aſcenſilnkkao 
St. Helena Nova 
— Helena * — 


N 


02 40N. 
1 40 


1 
7 


16 


15 


09 


30 8. 


10 
56 
4 


4 
ov 


Ear ons on ru Conrtxunt. 


| River St. Lucia 


Cape Corientes 


Case Comeria 


Cape de Falſo - 
River Lamos - 
Magadexa 6 
Mocha £ 
Cape Reſulgat - 
:-. -Gombroon  _ - 
Cape Glado: +» - 
Surat * 5 - 
Bomba) Ward - 
„ ; - 
Cochin — 


©» i» 
23 


* 


20 3 


40 


10 


o 8. 
A 


1 
N. 


„Sr I = e 


b 
4 
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Names of Places X Latitude 
"ll 11 
ic 41 $ 
Fort St. George or Madrafs 13 * 
River Bengal - 22 1, 
5 Pegu — By - 18 3« 
Malacca® - 01 1 
Siam Entrance 14 18 
Macao“ — | 22 13 
Tonguin =» „ 20 50 
„„ 83 8: 
| Nanquin* - 33 45 
Pekin? eee, 39 54 
Is LAN DS in THE EAST Irpirs, 
St. Paul _ 38 20 8. 
Amiterdam Iſle — 38 40 
Mauritius — 20 10 
Madagaſcar Iſland | 2, 
Cape St Mary S. hd - 25 47 S. 
. de Ambre N. End — 12 10 
St. John de Nova 17 21 
Zanzebar 06 48 
Coſmedelo  —— 1 I< 
 Attore Iſland — | 09 55 
Quiwelo Quebello | 4 838. 
Iſl Gratio | 6 10 
Croſs Ifland + . 
Ceylon S. End 6 8N. 
Manila — ts 25. 
— N. W. part —— 1 9 Jo 
N. E. part — == 19 55 
Japan S. E. part ——— | 35 30 
— 8 W. part - 35 0 
Bornek — 0 4 50 
Sumatra N. W. End — „5 
— 8. E. Lad 5 228 
Bencola . 5 5 8 
Bantam 6 11 


% NAVIGATOR's 


' Names of Places 


Batavia | 
Java E. End 

Straits of Sunda | 
Borneo S. point — 
Banda Iiles — | 
Celebes 8. End 


Bomes N. Part 
Leuconĩa S. W Part — 

N. E. Part 
Furmoſa S. Partaoq ͥ ): 


N. Part „ — 


N, End — 


Latitude Lonęitade 


D. M. 


06168. 


8 32 
8 
3 54 
4 55 
5 ICS, 


I 4ON 
7 40 


12 30 


18 55 
22 © 


25 30 


D. M. : 
106 46E 


113 30 


105 46 


113 37 
127 17 
1 
121 20 
> 


120 10 


| 5 
119 56 


120 45 


Coart's or AMERICA IN THE SouTHR SA 


Cape St. Sebaſtian _ 
Lucas Or Lucia 
Aquapulca 
Panama — 
Iſland Gallopega — 
Lima * —— 

Arica | 
_ Iſland Juan Fernandes 

Port Steven | 


\ TT 


Expe Horn ſc uth part of 
erra del 9 5 


— TIS 


"5.45% 
23 20 


=. 


89, 


12 18. 


18 29 
ys 158. 


52 1 


56 55 


127 55W 
111 46 


104 18W 


O81 52 
go 10 
76 44 


bs 8 — 


65 2 


70 55 


Coat or BxasiL, SOUTH AMERICA, 


Le Maire Strait 
Cape Virgin Mary M. Straits 
— Blanco. — 


B. Siſfendo 


52 0 
46 50 


42 35 


36 3.4 73 


# 
FF 
38 0 


©: River © 
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Names of Place Latitude Longitude 
”= D. M. D. M. 
r 23ꝗ45 4% 8 57 36W 
Buenos Ayres 34 35 58 0 
iſle St, Catherine hs 27 50 49 0 
Cape Frio IS — 23 0 42 20 
—— St, Thomas - 22 o ye 18 - 
_ Olinda or Pernambuco* o8 13 8 
Cape St Auguſtin = 8 35 35 20 
— - SS - ; 
Iſland . - . "0". 20 7 3 
— Trinidads 3 20 30 30 0 
— dos Picos = Nu. 
—— St, Maria de Agoſia | 19 40 29 10 
e —— 97 40 14 25 


Coat or THE Ma1n corn IN Wer Imp12s. 


River Amazones mouth 
Cape Orange 

Surinam 

Cape Naflau 

— Three points 
Mouth of — river 


Iſland Trinidada — 
Cartagena — 


Darien or Scot's ſettlement 
Porto Bello | 

Cape Honduras | 

O | _ — 
La Vera Cruz 5 
Mexico — 
River Spiritus Sanctus, or 
 Miffifipi river's mouth 
Cape Florida 
Bay Hondy === 


Cape Antonio — 


oo a N 


4 25 
6 25 
22 


10 30 


08 15 


0 15 
e 
18 30 
19 33 


16 25 


21 10 


19 30 


19 12 
20 0 
28 54 
24 57 
22 45 
21 45 


Canper [5LaxDs, 


Tobago weſt end 3 | 


Barbadoes bridge town 


_ Granado " -,-; _—_ 


49 56 


1 25 
56 50 


1 


62 10 


89 28 
60 17 


75 2 


78 45 


79 45 
84 48 


86 10 
92 10 


97 530 - 
103 35 


o96 50 
80 30 


35 40 
85 32 


58 50 


60 20 


SGranadil 


th 


| _ 133 NAVIGATOR's 
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Namas of Places Latitude Longitude 


Grmad llos 
St, Vincent 
— Lucia 


Martinico * e 14 43 60 54 N 
Dominico — 15 23 Ges: 20 
Marigalante — 15 58 60 20 
Gaurda upe — | 1 10 61 15 
Antigua — — 17 5 61 45 
Monſerat — 16 is 62 15 
Rod unda — 16 556 6; 15 
Nevis — c 993 8 62 3 
St, Chriſtopher's 17 17 62 40 
Euftatia — 17 26 62 20 
St, Bartholomew ——— 17 %2 62 6 
—— - Martins — 1 10 
Anguilla — 18 17 62 13 
Virgins —— 18 30 63 25 
St, Thomas =o 18 30 63 22 
— John de port Rico =<- 1 30 05 37 
Iles and Rocks of Aves Lon oo. Co 
Tortuga — 1110 63 54 
Margaritta 11 20 63 20 
Bonary 12 12 65 28 
Aruba „ , 
Hiſpaniola St, en 18 25 69 3 
— Eaſt esd 1818 659 15 
Weſt end —— 18 26 74 30 
Jamaica Port Royal ba RS. = 7 
Faft end --"0 0; 9% WS 
Weft end —— 18 8 79 © 
_ Cuba, the Havanna — 22 40 82 55 
— Eaſtend | 20 15-93 $8 - 
—— Meſt end 21 0 86 30 
Banana ISLANDS. 

Bermudas 5 32 25 — "Oy. 4 
Bahama bank north part * 5 78 35 
Abaco ſouth end _ | 25 0 73 46 
Providence — W 


5 Eicuthera 
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Names of Places Latitude Longitade 
g D M. D. M. 
Eleuthera ſouth end 24 40 N 75 56 
Watling's Ifand 24 3 74 35 
Crooked iſland north end 22 56 74 12 
Long iſland ſouth end | > 7 Hs, 
| Atwood's Keys 23 10 23 35 
_ Heogfties 35 „ F3 3 
Hineago weſt end 30 $2 ĩð 'PÞ3 $5 
A':rolho. bank north end -- "82. .35* 8 
Pinos - == | 8 4 20 
Camains ter 18 54 81 9 
— | 19 30 80 24 
St, Andreo ——_ 12 23 Bo 17 
Pedro ſhoals north ſide 17 10 77 56 
. Be, Milan © | N 17 10 Bs a8 
_ Cozumelli — 19 30 89 5 


Coasr or CAA OA, VII IN IA, Marny-Lavp, Pex. 
SILVANIA, New ENGLAND, AND NEWPOUNLAND. 


| Bay of 81 Auguſtine | 30 10 30 43 
Port Royal © | 32 0 - 79.43 
Charles 6 town upon AſhleyRi. 33-8. 58. 46 

Cape Fear — 33 58 76 54 
—— — Hatteras — _ 1 74 20 
—— Henry — 37 00 75 24 

Cape Charles — _ 5 iS 
— Hinlopen or St, James „ DS. 
Long land middle 40 0 72 4 
N York - — 40 58 73 53 
Bloch Iſ land!!! i 
Elizabeth's Iſlanld xk 41 25 69 13 
Martha's Vineyard | 41 14 5 8 
Nautucker's INand wwn_— Yd #2 
— Shoals E. End 39 50 68 18 
B: fton entrance — 42 30 69 23 
Cape Cod ——— - 42-13 65 55 
Panobſcot Rive 44 40 67 10 
Cape Sable — $7 30: -: B48 

| Breton —— 46 50 89 20 \ 
Qu beck - . 5 $9 ˙·˙ -- 
Nl 30 25 52 43 
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Name: of Places Latitude Longitude 
D. M. D. NX. 

Cape Bonaviſta — 49 15N 52 12 
Virgin Rocks — { 46 © '- $9: 40 -* 
Iſland St. Paul —— 47 © 5B 18 
St. John's s Harbour —— — 48 10 51 39 
Cape Rice — 4 40 - $3.48 

St. Francis — RY 9 51 46 

Conception Bay entrance 438 20 52 8 

Penguin Iſland | 5 0 32 $0 


Coasr or Hupsox's Bay: 


Button '; Iſles 


| 60 25 66 28 
— Charles. e_— 62 10 75 35 
Walfingham —— = TR. 
Jones ——— $8 78 58 
/ enmrmincrmwmme 54 25 B3 45 
Cos aT- > ——— 54 10 82 40 
97% 82 58 82 48 
Danby's Iland woonomnp em 45 14 ww 
Rapeet's River - . 51 30 79 26 
Point comfort us t 
Albany fort 8 „ Ro Þ 
Cape Henrietta Maria - - $3 7 84 30 
CS. ... 56 o 88 20 | 
Cape churchill ” 89 0 95 20 ö 
Sir Thomas Roe's welcome | 84 15 92. £ | 
Cape Southampton mm 61 55 B6 48 } 
Shark point WI: 64 30 82 55 [t 
Nottingham's Iſland - - bz 30 -- 79-33 7 
Salisbury Iſlan ed 63 45 9 5 
Queen Ann's foreland 63 48 74 45 
Reſoloution Hand, ——— _ 61 50 65 4 
N Wee PPP ĩ ( ĩ ĩ 3: 66 50 
—Pl —— 594. 46 45 


CoasT or ICELanD, Gearn: AND, Nova Zusa, 
| AND THE NorTHERM ISLANDS. 


Sound Royal — 66 22 24 33 5 
Whale's bay 66 27 20 33 


* 


* 
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Names of Places : Fu | Latitude Lo gitude 
- | TY D. * L. M. | 
| uber } | | 
be ws EIT. 
Weſtmanis iſless — 63 30 22 54 
| Snow hill — — 65 11 85-60. 
Fir foreiand Vp 66 20 26 27 
Grins Iiland — 67 8 22 34 
Iſles of Ferro „ 62 os oo 
Langeneſse m——mmmn— 6 12 50 
H bay nn —— 12 00 
Portland % # 
John Main's iſland c 30E 
zuit'e headland „„ 
C. barer Iſland} "= : 
Cage cold noith end 79 oo 10 oo 
lach point ſouth end- 78 oo 10 30 
Deer tound = = 79 19" 12 0 
_ Fowl %%%  ., 12 50 
Bel = — 2 12 40 
Horn „ 76 45 13 36 
Cape Barcan  —— 78 15 22 11 
„„ 4 - Bales Ifand 9 1 5 
Cape Blanco - | „„ = 2 
Negro point 76 55 23 20 
ö Whale's head — 77 18 21 30 
| Ice point or cape Deture 77 1 69 10 
FF Admuality Iland —— 75 0g | 355 90 
C.roſs point 8 
Cape Candynoſe 609 o 42 35 
5 — Barſo 66 30 38 o 
Archangel 64 30 40 30 
North ca : SITY 71 23 23 02 
Trumſound Iland 70 25 Ts 
Werro or Weroy Ifland 7 30: 
D ronen or Dronthem e—_— + O03 40 -2@ 15 - 
North point! 62 2060 05-26 
— Ber — — 60 10 o 40 
Naze — — 5745 * 24 
5 . or THe Sound AND BaLTIC 
Werden oc Mardet | $629 7 


Ca, er Wiek 
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Names A Latitude * "0 
8 . 5 D. M. D. M. 
7 eie — 59 20N 10 0E 
Anſloo or Chriſtiana — | => 100 VO 
Cape Kol _ 56 30 12 13 
Eifinore — 56 22 13 42 
Chriſt. anople c 56 10 16 oo 
Oeland fouth end 5617 15 30 
C North end $7. 17 06 
Stockholm — 59 20 19 30 
R Abergh —— 60 28 22 35 
Pelting found gd küwꝛʒ Go 32 26 50 
Peteribur —— oo 30 25 
Narva — ä — $9. 29 28 2g 
Parnaw 58 20 25 47 
Riga — 57 oz 2: 16 
Der Winda — — 57 15 22 6 
—— Memel — 55 48 21 36 
Coningſburg 54 43 2135 
Dantzic- ß 54 22 18 53 
Gotland north cud == F 

touth end _ 57 oo 17 48: 

Er. hum — B 

S rvum·nd — 54 25 13 16 
Witmar — 5864 10 12 00 
Lubeck — — 54 06 09 55 
| Copeutagen wt 3 4: 12 50 
Me ſcou, Ruſia „ % a» an. 
Dranibur ®  — — 55 54 12 $B 
Ans ut er Anholt iſflaungdg 56 50 11 06 
Tic icaw — 57 30 10 20 
Ottend ——— | 5: 10 o2 46 
Greer.wich . 1 5 51 29 ©0 05 


7 he Explanation of the T able of Latitude and Longitude | 


The quality f !aritude, northing or fouthing, an? of lon- 
gi ane aſt or weſt, is determined by the initial letters N. S E. 

V iminediately fo: lowing tne latitude or longitude, but if 
here be no letter in that line, che next ab ve points wut 1ts 
| qu=lty, as \ it ehaven in latitude 54 d-p, 22m norch, lon- 
gitude 30%, 56m weſt, that is latitude north, and lonf ĩtude 
weil. In | pages 145 to 152 iaclulve 2 tue degrees are frequent- 


ly : 
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ly omitted, (as Briſtol in latitude 51 33 north) the omiſſion 
muſt be ſupplied by the next number of degrees upwards, 


and ſometimes the firſt figure of the is omitted as 
London in latitude 5 1 31 north, alſo the degrees of longituds 
are frequently omitted throughout the table, which oHiſſion 
is always ſupplied by the degrees next above as the rock of 
Liſbon in longitude g deg ;om, welt, Briftoi in longitude 4 
deg, 35m, welt, but Bourdeaux is in longituge 34m, welt 
only, &c. VF 1 5 


To find the Sun's Declinutien any Day by the Tuble. 8 


F it be a leap year, and an even number of days after 
March 1R. the decinatica is the {ariie as in the Table. 
Thus in leap year My 2uth. the declination 20 deg. 
9 min. No. but it the declination be required for an odd day 
after the 1ſt. of March, as for May 21ft. then add the number 
under difference to the declinatior of the preceeding day 
thus 20 9 + 13 = 20 22 tor the declination that day. 
Whence this rule for any odd day. | 
If the declination be increaling, to the decha-tivn of the 
preceeding day, taken trom the table add the difference 
correſponding for the declinat on of that day; but when che 
declination is decreating tub: ract the difference troia the 
_ declination of the precceding day; and the cainder is the 


declination for the day requiied. 


Required the ſun's declination on auguſt 13th. 1776 
being leap ycar. 5 Fo gs 


| Auguſt 12th the declination is 


{ 14 49 
from which ſubtract diiference -— 


: BB Angufl the 13 ſun's declinaticn is 14 31 No. 


. B. In leap year cckon for a day ieſs than che table in | 


January and February. 


Thus January 27th. in 
18 deg 31 So. 


cap year the declination is 


Alſo for the iſt 2d or zd. years paſt leap year reckon a 
quarter, half, orti.rce quarters of à day founcr, which when 
the declinatiun is d-creai..ip adds to the declination found 
for leap year by the able. Bn, waen the declination is in- 

| „ Fen | creating 


uw NAVIGATOR 
| fubtracus trom K 
Table . ander. 


ExAur Tz. required es e March 50. che ür 
year aftei leap ye. rr 


March 4th. Ih dcvlination is 6 07 foath 
ä 2 
March 5th moles . . 5 43 

10 which aud 24 + 4 = | 


=D W ence Ma:ch 5th. the declination is — 8 <9 ſouth 


| For the 2d, al 2 N 
To leap year 's dec nne on | „„ 
; Avid 2, —= 2 as directed 8 12 75 
Makes er March 5th. the dee. "WA 


If it 1 ihe third paſt Tonp Year. 
Then to ep VCaT . dECnAation 5 
Add dre quaitus of 24 | 


* 


8 Makes tor March the ch. the iow.” 5 6 1 ſouchk 
The ſun's declinauon chat year. 1 


A. 1 r:quired the Sun's Declination on May the 1 or fir Loup 
Tear, for the ft. for the 24. and zo. Puff Leap _—_ 


| May the sch. per table declination 3 is 17 18 RY 
Ditt-rence add becauſe incieating os 


8: a's geelination in Leap Year may th. = 17 34 
For 110 pait Leap Yea ſubtract 16 +48 4 


Sun's declina. 1ſt — Leap You May gth 17 30 
Again trom Leap Year declination „ 
Subtiact 16 — 2 e 


e Sun's ceclinaticn 2d. paſt Leap Year TO a7 26 


Alf 27 3 quarters of 16 2 17 .22 the ſun's 
declination May the + the third on Leap Tear. 


NAVIGATOR”: | 
A Perpetual Ta II E of the-Sun's Declination. 


| February | | 
; D; M. vie. | 
6 16 8. 35 18 
6 [lis 59 | 
7.11--: 2219 
664 44 
8 l 
9 13 — 80 
10 12 45] 21 
10 3] 
11 [|11 20] 
12 (10 38 22 
1319 1 
15 5 
16 || 8 251.23 
wh 7 Vi 
| 1 
b M. Pil || 
if. [D. I. Dif. . 
| 23 [|15N. 37] 18 || 
I 11] 17 
45 
3117 18] 16 
| 22 | — 
1118 20| 15 
x 49] 14 
2219 17] 13 
44] 14 
| [120 gf 12 | 
| 20 | 33112 
. 5311 || 
19 21 16] 10 |]. 
18 36 ; 
541.9 


* 
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e TanLz of the Sun's Declination. 


9 2 


ES T.. 1 EEE 1 
D. M. Dif. D he it | | 
23 N. 2 r | | 7 N. 41 22 | 
22 13 | 6 56 "i ' 
1 1 1 
271 2 5 27 1 23 ]- 
224, 84 * | 
_=_” 3 50 | 
38] 9 | 510 24 | 
it} 10. 2 27| 23 
20 57 ä 1 36] 23 | 
tt] 12 3] 23 | 
9 45] 13 OS. 44] 24 
| Ws 6. qo þ 23 
3 2 18 
24] 15 ] 3 5123 
9 | 770 | 
3 4 ik =] November | | Decemb- | 
„ M. if. M. Dif. D. NM if. 
— 1 8 
3 44 22% „%% „ 
6 | = | 16 6 
Ho 


PY 


2 - 
. ” * 
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A Table of the Sun's Amplitudes. 


| Dtaesorees of Latitud 3 
lun s L © Trecs atitucle, | : \ 
E 
D ]-. jm n/a in n m im Im n |m ſia i | 00 
ISS BARE 11222 7 
s SS {33-7430 -3 oo 1421213131244 5 „ 2 
3 else: en 7 8 
| 4 vl RY fe 911 J «ba 3 4] 4 5 6] 7 S1 O x E 
n Ie FO IE: EAR tbededd J-1-1- +134 
| $ Jo] <[ 2 i ſi] 2[2[213] 51 6| 7] 8] %% 
lo{|ojoſi 11202 31416 80357 
7 | o 01011 12 3 475 7 8 91356719 
18 0 1234/5 668 93656719022 
9 of © 1i]1}2| 3] 4]5|[6[9jio{12[14h7j19]21 [25 
| 10] oo 1112 3416793 
4. 11[0[O0 filz 356 Sir zs 
8 | 1200123457926 
130023468 fieses 
1440101213446 10014169 
solo filz 357 ii 
5 16] 1:1] 2|4\ 6] 8lrofi2] 619022 
EN 1 3|4| 0} Blioj 7.2002. 
14 is ©} 5112 41:8 21125 
1 2 z| 4|6 9 12 
566 [12|:0[20|24/28 
357i 7z 2529 | 
35 7043/524427“. : 1 
| 5 6.90228 3 
2\* „ 4% % Ro sst. | 4 
To take out an Amplitude. — 


Find the latitude at the top ur che neareſt degrees thereto, 
then againſt the deciinarion, in the angle of meeting, ſtands 
a number which added to the ald dechnation gives the am- 
plitude there at the time. 5 5 
Required the ſun's amplitude from the eaſt in latitude 14 
deg. north when his declinauen is 21 degrees north 


NAVIGATOR*'s 


A Table of the Sun's Amplitutes. 


, oli 611 1300 
i 11]1 16 


171 54 1151 23 
18 58 2]: 2001 28 
E Ach. 2 3 1 331 
— — 


1 592 1002 24 


©_ 


| 
„. 29]: 39 


I 

| 1 3411 1 5512 6/2 18 

1 - 2211 12] * 4 112 1212 2402 
| 2311 15]1 24]! 24j1 44j1 55/2 72 19]2 32j2 4 
2 40h 2. 82. 1 2 . — 2 


Here under 14 degrees of latirude againſt 21 degrees decli- - 


nation is 40m, | 
the ſun's. ampli. 


„ deg 4 4om, = 21 deg, 40 

tude at 3 from the eaſt norther fir the true amphirude 
is always of: the fine name, v0 or ſouth as the decli- 
nation, NT des 


A 
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A Table of the Sun's Amplitudes. 


Degrees of Latitude 


91 9 10 10 11] 12 13 


ww 
Do 
N O\ © 
-- 
O 
— 
al 


"0 1 1 i5f- 5 
t 412. 6 an} ne - 241 - 27] < 33 
46 


21] 32) 44 55 125 40] | 
34} 43j--50s 194. "24 39} 55] 
41] 543 5]: 21] 3 5% 20] 
$113 5 19] 34] 54 7 25] 
3 2]3 106 31]; 474 44 224 40 
12]. 27 434 of f8]} 27] 56 
22] 38] 55| 13] 32] 525 13 


23 3 1 } | 2 
jzz 2 13 3715214 Bl4 2514 4313 35 2318 45's 5 


— 


Required the ſun's amplitude in the evening, in latitude 
42 30 north, when the ſun's declination is 12 1 « north? 
Firſt by the table | Lat. 42 and Decl. 12 the Ampt. is 16 15 

I. 4,  Decl. 13 the Ampt. is 17 27 


Their difference 1 22 or 82 min, .*. 60: $2 :: 15 20 


Then 16 15 + 20 is 16 35 the amplitude anſwering to 42 deg. 
Jatitude and 12 15 declination. = : 


8 | 29 30 | 31 | 32 | 33 | 34 -| 


_ 3 A Table 


ris NAVIGATOR 
1 . Table of the Sun's Amplitudes. 


Dy 5 bY 
* : . —— — i ky 


—_— 


2 


| | | Degrees of Latuude, | 
BH 8 1 3 Yi a ca 
[-- 157] #]9[6]41e]gn] 
id 15 16] 1 180 200 211 22} 23 
'J*.. 424-594 39 #8: 91 9-41-40 
33 4 45 48 51 54 5801 201 6061 10 
| E 8 8161 1311 1801 230 28 34 
©. | 1 rl fo Wo | 26 3 IJ 44 51 58 
6 2 3'] 37] 47 5% 57\2 5% 13/2 2 
7 40] 474 54/2 12 92 17] 26} 35} 45 
[3 - | 592 212 io) 19] 2b) , % 553 9 
9.12. 8]. +3} 271 37] --471 $83. v3 21}- 34 
[10 21) 32 43] $43 663 15] 31] 44 55 
11 39 5913 413 13; 26; 390 53/4 714 22 
ia 543 6| 18 31]. 454 04 15] 31] 48 
113 3 of 24 35] 40l 4 20) 37 50% 13 
14 24) 38 52/4 80 24) 42 cs it 39 
15 40 5514 „% 28] 4 23] 4s 5| 
15 $514 11] 280 45/5 [ 25] 4% 8] 32 
17 f i 280 aus 6 24 46 1% 3.] 5 
18 |} 27 4 25 4% f 3 „% 26 
[19-1445 nene dee ee 
F A 2 40 %%% 
21 VTV 
22 457-4: 2-4-0" M48 114 45 25 
27 J 14 4 04 445 21-41-49] - 544. 
| 23 2 16 321 58/7 24) 8218 221 549 2 1:0 311042. 


Ag un per table J Lat. 42 Decl. 2 Amt. is 16 15 north 
„ Lat. 43 Decl. 2 Ampt. is 163 nuth 
Their difference is 16 65:16 :: 30: 8 wheace 
* 35 + 6 is 16 43 che amp licude xequued Pn 
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A Table of the Sun's Amplitudes 


— 


— 


Degrees of Latitude, 


ſun's |_ 3 1 3 

decl, | 454474 4% 50 |. 51 | 52 
id \ 25] 260 25] 2 3 3 3: 37 

| 2 CCC 
3 19. 100 2,11 2'4 34 4⸗ 40 52 
4 4 5e 59 6 12 22\z 30 
s 4E g- 4 25% 29] 38 480 583 8B. 
6 of 3] 4. 3 21]3 33] 46 
| 7 ＋ 554 9 24 
8 + 29 45,5 2. 
1 55 24 2 
| 4015 16 2 
| 6 16) 397 3 
527 18] 44] 

7 29] 578 26 

8 68 57g 8 

4% 8 82 

2 24 59 10 36 

0-210: 41 1-21: 

43] 23 2 7 

EO Won Bids 

8 $4 3 44 

3 41j 4 35 

1 3714 39 5 27 

4+: 5 23 6 24| 

ee e 


| 1 required the ſun's true amplitude i in the mo ning, . 

| in latitude 52 48 ſouth, when the the ſun's dec nation is 
22 42 north? 

Firſt per table | In Lat. + Decl, 22 Ampt, f is 37 27 o north, 

| Lat, 52 Deci, 2 Ampt, is 39 24 n 150 

Their difference i is 1 <7 = 117min „ 60: 117 «: 42 282 


nearly Then 37 27 82 4s 38 49 the amplitude, 


NAVIGATOR's 


— * 


A Table of the Sun's Amplitudes 
| | Degrees of Latitude 
e's 1. 1 : 2 . 
decl, | 53] 54 55 56] 57 5814 59] 6 
| id | 39] 42] 45] 47 =Y 3 $542 © 
Ha I 20] 1 24/1 29] 1 34 1 40 140 1 52 2 o 
3 1 50] 2 602 14] 2 22] 2 31, 2 40 2 55] 3 o| 
jt _|239] 49] 59 310) 322 3343414 
5 3193 3113 44] 5% 4 14 2604 43) 5 '2 
6 4 94 15/4 300 4 47| 5 4) 5 22] 5 426 4 
7 | 49 575 15] 5 35] $616 1816 4% 6] 
8 5 21] 5 4106 2 24 6 4f| 147 4/8 10 
9 6 416 26 49] 7 14 7 45 8 10 $ 41] 9 14 
o | 46/7 11 3718 58 33/9 7 9 4i0 18 
„ 7 29] 5-18 26) 569 29010 40 41 26 
12 8 12 8 4309 15] 9 4gho 25] 1 4 14 2 34 
113 57 9 3800 5/10 43] 1 23] 2 72 5404 44] 
14 9 4210 18] 560 1 37 2 21] 3 9] 4 1] £ 55 
115 10 28} 1 7 49 2 34 322 4 14 5.1210 9 
116 „ 3 32] 4 24] 5 21 "007 27 
17 {2 4 2 503 39} 4 31] 5 276 28] 7 328 47} 
18 533 4264 35] 5 33 © 34 7 4% 8 53] 20 9 
19: 13.49 4. 5 396 6 744 © 5050-13] 2 36 
. 
21 5 31 6 377 39 8 510 20 9% 1 403 f 45 
22 6 29] 7 2618 45 20 4| 1 27] 2 59] 4 400 5, 22 
23 3 298 409 5o 11:12 500 4 306 2:15 2; 
$23.23 25 2 IO 2 4 2 D 401 7 471 951 
Again Lat, 52 Deck, 22 " Amiae: 37. 37. 
Lat, 53 Decl. 22 Ampt, 38 29 


the difference of theſe amplitudes is id, zm, or 62 minutes, 
43 : 49 nearly, ſo that 38 49 + 49 makes 
39 38 the amplitude irom as. calt nor therly, | 


„„ 60: 


62 2: 
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A TABLE 


O F 


MERIDIONAL PARTS 


OR THE 


Meridian lengthened | in miles according to Mencartor's 
projection, to all latitudes from the — to 84 degrees 


north or ſouth. 


To fond the Meridional parts anſwering t to any 1 
N latitude 1. 2. 3. 4. 5. degrees north or ſouth, the 
difference of latitude and meridional difference of lati- 


. tude differ not a mile. | 
Ihen for any number of degrees from 6 to 34, EY 10. 20. 


o. 40. or 50. minutes, you have the meridional parts by 
inſpection in the 28 as the N parts for 58 30. 
are 4352 „ | 

To find the Meridional parts for 58 35 
1ſt The parts for 58 zo are 4352, and in the column of 


difference ſands. 1. 9. which x 5 = 9. 5. whence 4352 


+ 9 = 4361 miles the meridional parts for 58 35. 
Whence the following rule for any latitude, write out the 


meridional parts to the neareſt latitude, multiply the mi- 
nutes wanting by the difference, and add that product to 
the meridional parts aforeſaid for the anſwer. 


Required the Meridional parts for Latitude 52 28 5 
Latitude 52 20 meridional parts are 3698 
minutes wanting 8 X difference 1. 6. = 12. 8 or 13 nearly 


3 meridional parts for 52.28; are = 3711W, W. R: 


Arno Required the Meridional parts for Latitude 38 47 


Latitude 38 40 the meridional parts are 2519 


minutes wanting 7 X 1. 3 difference = 9 1.07 - 9 


7 weridional parts for 38 47 are = 2578 


NAVIGATOR's 
A Table of Meridional Parts. 


D 
1 


* 
3 * 1 
e 1 
| 2 
111124 c 
— | 


„ ( 
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=z © 


16 NAVIGATOR | 
A Table of Meridional Parts, | 


VENI-MECUM w 
A Table of Meridional Parts, 


— —— — 


MAD [D M[Mil. b Dal 


— I — — OO — 


| 76 000210 | 
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ATABLE 
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DIFFERENCE or LATITUDE. 


DEPARTURE. 


For degrees, points, and quarter points, ſufficiently exact to 
determine the courſe, 2 * — of longitude, 
by middle latitude failing as far as 120 miles and by a pecu- 
liar artifice to io times that diſtance. | | 


The uſe of the tables of difference of latitude and aw 


ture, for ready computation in working any of the 
5 5 Plain Sailing. 5 
In theſe new tables, the courſe it leſs than 4 points or 45 


degrees, is tound in the firſt column on the left hand fide; 

but it more than 4 points or 45 degrees it is found in the 
. the diſtances are at the 

top of each page, and when the courſe is on the left hand 


Jaſt column to the right hand 


fide, the titles for difference of latitude and departure are at 


the top, but when the courſe is on the right hand fide of - 
the page the ticics are at the bottom as is evident by in- 


on. 


Casz 1ſt Courſe and diſtance given, to find the difference 


of latitude and departure. | 


RulE Find your diſtance at top, then againſt the courſe;” 


| take the differen ae of latitude and departure out of the 
columns marked latitude and departure and its done. 


ExameL A ſhip ſails N. N, W 97 miles; required her 


difference of latitude and departure? 


Having found my diſtance 97 m at top ; againſt 2 points 


3s 89. 6 the difference of latitude and 37.1 the departure. 


VN. B. The laſt figuzes in the columns of latitude and 


departure are uncerſtood to be decimals. 


Cas 24. Courſe and difference of latitude given; to find 


diſtance and departure. 


Rol: Find the given difference of latitude under or over 
its title according as the courſe is leſs or more then 4 points, 


then at top is the diſtance, and departure adjoining. 


4 
P. 
_ - 
* 
4 
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* ExamyPLe A ſhip fails N. E. by N. until her diffe- 
ence of latitude be 75 miles, required the diſtance and de- 
parture? _ . 1 5 
Run your eye down the collums of latitpde from top, be- 
c nauſe the courſe is under 4 Points, fo that you find the neaieſt 
number to 75; which is 74. 8 againſt 3 points, then at top 
you have the diſtance go miles, and deparcure 50 W. W. R. 
- Casx 3d. Courſe and departure given to find diſtance aud 
difference of latitude. is „„ 
Kur Find your departure in a departure column from 
top or bottom according <s the courſe is under or above. 4 
points, and you have the diſtance and difference of latitude 


2s directed in the laſt caſe. | | 


Exaurrz A ſhip ſails N. E. by E. . E. until her de- 
parture be 85 miles and 4 required her diſtance and diff- 
erence of latitude? 5 3 | 
Here I run my eye up and down the columns of departure 
from bottom, becauſe my courſe is more than 4 points, and 
find 85.6 againſt the courſe 5 4 points, which gives the 
—_— 97 miles and the difference of latitude 45.7 miles 


Casz 4th. Diſtance and departure given; to find courſe and 
difference of latitude. . HTN 

Rur Put two cyphers to the departure, or three if it have 
no tenths with it, and divide by the diſtance note the quotient, 
which find in the table of numbers after the tables of lati- 
tude and departure, in the columns belonging to diſtance and 
departure or the neareſt thereto, and the degrees anſwering is 
| __ courſe,and for the difference of latitude proceed as in caſe 
iſt, = 


Ex A ſhip fails between the N. and W. until her 


diſtance be 94 miles and departed her meridian 61.7 miles, 
required the courſe and difference of latitude ? 5 
Having put two cyphers to my departure it becomes 
| 61.700, which divided by 94 gives 656, againſt which in 
the table is 41 degrees the courſe, or N. W. by N. 2 W. 
nearly; then againſt courſe 41 degrees under diſtance 94 m. 
15 70.9 or 71 miles the difference of latitude nearly. En 
_ Case 5th. Diftance and difference of Latitude given; to 
find courſe and departure. 3 „ 
Rur Pat cyphers to the departure, and divide by the 
diſtance as in the laſt caſe, then find the neareſt number » 
Dh 28 on . n 
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the quotient in the table for that purpoſe, and the degr 
eorreſponding is the courſe, as before directed, then 
difference of 4 2 as directed in caſe 1ſt. 

ExamrLlzs A ſhip failed into the ſouth weſt q | 
miles, and they found the difference of latitude by a * 
— 77 miles, required the true courſe and depar- 
tu | | | 


Here I put three cyphers to the departure and it becomes 


77 000 which divided by 89 ou 865, andin the table of 
numbers for that purpoſe, I find the neareſt number 866, 
which gives courſe 30 degrees then againſt courſe 30 in the 
| A 3 and departure is 44. 5 miles the departure, 


Cas 6th: Difference of latitude and departure given, to 


and courſe and diftance. 
Rull Put two or three cyphers if it have no tenth parts 


to the departure, and divide by the difference of latitude, | 
then look in the table of numbers under difference of lati- 


tude and departure for the neareſt number to the quotient. 


the degrees or points anſwering to that number is the courſe. 


Then fer diſtance proceed as in caſe 2d or 38d. 
ExAM LE A ſhip fails between the ſouth and eaft till her 


ber courſe and diſtance? 


Having put cyphers to the departure it becomes 38 o, 
and the difference of lat. becomes 850, by ſupplying the 

| tenths place, the former divided by the latter gives 44.7 

the neareſt number in the table is 45, which gives 24 de- 


Frees the courſe, and with that courſe and departure (by caſe 
d) or by that courſe and difference of latitude (by caſe 2d) 
the diſtance will be found 93 miles W. W. R. 


Traverſe Sailing. 


The ſeveral courſ e and diſtances a ſhip fails being given; 
to find her difference of latitude and departure, with courſe, 
and diſtance made good 


Make a table as follews, in which enter all your courſes 
and diftances, after all allowances are dedutted, for 
leeway and variation, then mind that the northing or ſouth. _ 
ing of every courſe belongs to difference of latitude, and the 


eaſting or weſting belongs to departure, and muit be each 
regularly placed in the traverie table ander their ay 0 


the . 


difference of latitude is 85m. and her departure 38m. required | 


* LE N LME C u u. . 


Initials N. S. E. or W. that i is, if the courſe be northerly 
the difference of latitude muſt be ſet in the north column 
under N. if ſoutherly in the ſouth column under S. alſo it the 
courſe be eaſterly, the departure muſt beſet in Eatt column 
under E. if weſterly in the welt column under W. 

Then, add up all your columns, and take the difference of 
the ſums of the N. and S. columns, if need be, for differ- 
ance of latitude, alſo get the difference of the ſums of the 
eaſt and weſt columns if there be numbers in both, for the de- 
parture, and with that difference of latitude find courſe and 
_ diſtance as in caſe 6th. of plain failing. 


ExamyLe If a ſhip fails the following courſes vi · | 


8. S. W. 55 miles, W. by 8. 38 miles N. W. by N. 40 
N. E. by E. 69 and N. N. W. 00 miles, required the diff- 
erence of latitude and — with direct courle and diſt- 
ance? 


* Dix. of — Departure 
I Courſes. [Diſt. North.] South. | Eait | Weft | 
. W. 55 | _ | 5: 50.8 | | 21 oY | 
oy 31 381. 41 5-4-7 'Þ $9.3 |: 
YWbN| 4o|333 | | 22.2 | 
XE b E 69 | 38.3 7 | 
IN. N. W.] 6o | 58.4 : 
| 1127.0 | 58.2 | 
| 58.2 | | 
Dig. lat. north 72.” nM 


Courſe 3 points or N. W. by N. nearly, diſtance 82 
miles. 


N. B. By this * are a of latitude and de- 


parture found, when working a days work at ſea, and thenee 
are found courſe and diſtance, and difference of longitude, 


with latitude and longitude ſhip by dead . 
Parallel Sailing by the Tables. 


| Here —_ muſt work with diſtance ſailed (by the preceed- 
. directions) as if it were departure, compliment of lati- 
* A8 


Ex 


s courſe, and difference o longitude as Ciltance, 


ay * 


182 Nene 


Ex aur LE If a ſhip fails due eaſt 65m in the latitude of 55 
degrees north, required her difference of longitude? 

90 — 55 = 35 the compliment of latitude, as courſe, 
then looking in a departure column for 65. againſt 35 deg- 
rees I find 64.8 which gives the difference of longitude in 
the diſtance column 113, which was required, DO 


Mercator s Sailing. 


In working with the difference of longitude, or for it, you 
muſt work as if it were a departure, and the meridional dif. of | 
latitude muft be worked with as if a difference of latitude. | £ 
ExamMPLs in caſe iſt what courſe and diſtance muſt a ſhip | 

{ail from cape clear in latitude 51 10 north, longitude 10 30 


| well, to the iſland Corvo one of the weſtern iſlands, latitude ( 
39 54 N. Longitude 30 55 W. FP 
| 5 M Part.. 3 | 
Lat. failed from 5 110 3585 | Long. ſailed from 10 360 
Lat. bound to 39 54 2615 \ Long bound to 30 53 | 
11 16] 970 3 0 2H 
= OS — X* lat „ 
Diff. of Lat. 676 mil. J Diff. of Long. 1225 mil 


-- Ry putfing two eyphers to the difference of longitude, and 
_ dividing by the meridional difference ot latitude, the quoti- 
ent is 126 the ncareſt to which in the table of numbers, under 
difference of latitude and departure is 128, againſt which is 
52 deprees the courſe South wefterly, then with that courſe, 
ada nd the difference of latitude 676 = 10 = 67.6 in the table 
bol latitude and departure, the diterce is found 110 which 


Middle Latitude Sailing. 


| Here the difference of longitude muſt be worked as dil. 
ance with the departure, and compliment of middle latimde 


Sv 5 WS WD is. A. IO. QTR bao Fneany 


-- F CY V. Wd 3-8 - $5 =” 


gitude requiied, 


NAVIGATORs ry 
Let the laſt example be done by middle latitude. 
Latitude failed from 5110 J Difference of longitude 
Do. bound to 3954 | as before 1225 miles 


divided by 20 gives 
21091 04 3 61. 2 5 


45 32 
GO od 


—— ˙ö — 


the comp. of mid. lat. 44 28 


Tn the table of difference of latitude and departure under 


61 againſt 44 ſtands 42 2 which multiplied 20 (becauſe the 


difference of * pow was divided by 20) gives 844 the de- 


parture, to which anexing two cyphers and dividing by the 


difference of latitude the quotient is 124, which in the table 
for that purpoſe gives 52 degrees the courſe ſouth weſterly 
per al whence the diſtance will be the ſame viz, 1100 

miles. 5 5 | 5 


| Again both latitudes and departure given; to find che diff. 
erence of longitude. — © „„ 


Admit a ſhip from the latitude 56 50 North, ſails ſouth | 


_ weſterly until the be in latitude 54 20, departure being 218, 
required the difference of longitude? 


Here the compliment of middle lalitude is 34 30 and the 
neareſt degree in the table is 35 which being worked as 


courſe, with a 10th of the departure 21.8 for diſtance gives 


33 which X 10 = 380 the difference of longitude, or if 


you work with 3 points it makes the difference of longitude 


390 whence 590+ 360 = 2 = 385 the difference of lon- 
Or by Mercatur's failing the meridional difference of la- 
titude is 247, courſe 57 degiees / min. the neareſt number of 


degrees in the table is 38 degrees or 5 points, now the diff- 


erence of longitude correiponding to the meridional diff- 
erence of latitude 247 con: fe 58 ees is 359, and ditts 
courſe 5 points in the table is 366 whence 399 + 396 — 
2 gives 382 the difference of longitude required, nearly 
agreeing with middle latitude, „„ 
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T. Ta.'D MID MIC Si. 
1 be explanation of the table. 
The Sines and Co-fines are all decimals expreſſed in tenths, 
hundred, and thouſand parts of an unit, ſo are all the Tangents 
under 45 Goa and the Co-tangents above 45, but Tangents 
above 45 and Co-tangents under 45 are as expreſſed in this table. 
In this table you have the Sines, Co-ſines, Tangents, and Co 
tangents, to every and fourth part of a degree by infpec- 
tion; ſupplying the blank places by the next figure or | 
above or below, according as the degrees are leſs or more than 4 5. 
Ex. Required the Sine, Co-ſine, Tangent, and 3 
of 26d. 3om. per table againſt 26 30 under ſme is 6 the 
blanks are ſupplied by 4 4 above, which make. 446 theSine, alſo | 
under Co fine ſtands five and over the blanks above are 89 
which make . 895 the Co- ſine then under Tangent is 9, and over 
the blanks above are 49, which make 499 the Tangent, and un- 
der Co-tang:nt' ſtands 1, alſo over the blanks above are 2,0, 
which make 2.01 the Co-tangent required. _ 
N. B. For the intermediate minutes the Sines, Tangents, &c. 
may be found by proportion thus, Db - 
fifteen : the tabular ditterence : : the minutes propoſed : 
the propoſed part to be added or ſubtrafted as the Sine, &c. is 


A 


＋ A B L E 


Logarithmic Sines, Tangents, &c. to 
every Degree, and 5th. Minute of the 
. r 


75 find the Sine, Tangent. c. of any aber of Degrees and 
RT. minutes in the table. Ss 


Rvurx iſt. Find the degrees and minutes, if under 45 on 
the left if above 45 on the right hand fide of the page, 

againſt which under Sine, Tangent, &c. or over Sine, Tan- 
gent, &c. ſtands the Sine Tangent, &c. required, prefixing 
the index, and inſerting the figures over the blanks, 


Required the Sine andT, angent of 13d. 3om ? 


Againſt 13d. zom, under Sine ſtand $18 the figures 
over the blanks are 36, which with the index make 9, 36818 


| the Sine required. 55 = 
Alſo —— 23 ſtand 8035 which with the index 
and figure over the blank make 9.38035 the Tangent re- 


To find the Sine, Tangent, Fc. of ſuch minutes as are not 
in the table, as between 5 and 10, 10 and 15, Sc.? 


| Rur x 24. Find the Sine, Tangent, &c. to the next leſs 
number of degrees and minutes per Rule 1ſt. then, multi- 
ply the difference by the minutes wanting, viz, 1, 2, 3, or 
4, and add or ſubtract that product, to or from the Sine or 
Tangent, before found, according as the Sines or Tan- 
- gents, &c. are increaſing =y decreaſing, 1 


Ex, 


Tas vsz or THE TABLE, 
. 1f,, Required the Sine, Co fone, Tangent, and — 


8 of 19 deg, 23m? 
uſt Ihe Sine , 20 per Table i: 9.51991 
The difference 36 X 3 gives 10 add | 9.5199 
The Sine of 194; 23m. 9.52099 
2d. The Co- ſine of 19 20 per Table is 9.97479 


The difference 4,5 X 3 18 13,5 which ſabtract 13 


The Co- ſine of 19 23 ban i Wen 
zd, The Tangent of 19 20 Table i n 
. — on which add Fog 123 
— — 
The Tangent of 19 23 9,54634 


: 4th, The Co-tangent of 19 20 per Table i is 10,45488 
The Difference 41 * 3 = 123 which ſubtraQ 123 


7 . 23 10,45365 


Ex, 24, Required the Sine, Co-fine, 7. — and Co-tangent, 
_ of the compliment of 1g 23 thatis70 37 minutes F 


| 1105 The Sine of 70 35 per Table is 2 Sarah 
I The difference nnn „ 

The Sine of 70 37 9-97465, 

2d, The Co-fine of 70 35 per Table i is 9.52770 

. ifference 36 X 7 which ſubtra& 3 

The Co-fine of 70 37 minutes 5 9.62098 


96 The Tangent of 70 35 per Table is 10, 45286 
80 


Difference 40 x 2 is 801 to . 


The Tangent of 70 ". 200 „ 
— 70 " 9954713 


Difference 40 X 2 is 80 to ſubtract 


0 The — of 70 37 required | 9.54033 
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"TY ABLE, 


Of the \LLogirithevia of Numbers, from I 
to 4000. 


| iſt. The Logarithm of any number under 10 5 is found in 
the firſt line of the two firſt pages, the Index or Character. 
iſtic thereof o as per table. 


2d. The Logarithm of any number under 100 is found 
in 8 10 ö the Index, &c. 1 as 
* | | 

© Example tt, Required the Log. of 737 

Vader _ at we to in the ürſt column of the left hand 
, find 7, then un 3 at top againſt 7, is the l requir- 
. ed 89333 which with its index is 1 86332. 8 9228 


Example zd. Required the Log. of 87 ? 


Under num. at top in the firſt column on the right hand 


page find 8, then under 7, againſt 8 ſtands 9209 which with 
the Index and figure above : the blank makes 1.89209 the 


log. required, 
To find the Log. of ben above 100, in che firſt ; 4 Pages 
RuLe. Find the units figure at the top of the table, and in 
that column againſt the other figures at the fide ander num. 


ſtands the Logarithm or a part thereof, which ſupplyed by 
| hl. op Index and OS Ge: the blanks is the log, 


+ #.% wkls# off 


Example 3d. Required the Log. of 723 ? EE 
| Under 3 at top againſt 72 ſtands 5913, which with the 
= - Index 2 and number over the blank „ * 
log of 723. = 
Example 4th. Required the hs of 679? 
nder ꝙ at top againſt 6) at the fide ſtands 3186, which 


wich the Index 2 and number over the blank 8, makes 
| e | 


ExrlAxATIOR of the TIL x. 

In the laſs 8 Pages, under 1, 2, 3, 4, 5, 6, 7 8, 
and q, at the Top are the laft 3 tigir.s cf every 
Log. In which the Index and ather 2 Figures 
muſt be ſupplyed, from the firſt column of Log. 
in each page under o, as in the following Ex- 
amples. ; 


iſt, the log of 1500 is found in the firft column of logs. 
under o againſt 150 under num. equal 3, 17609. log of 1501 
15 3, 17638. log. of 1502 is 3.17666. log. of 1503 equal 
3,17695. log. of 1504 equal 3.17724. log. of 1505 equal 
3.17763. log. of 1506 equal 3.17782. log. of 1507 equal 
N log. of 1508 equal 3.17840. log. of 1509 equal 


wot ug, 1510 equal 3. 17897. log. bd 5h equal 
3,17926. log, of 1512 equal 3,17955 lop.1513 equal 3.17 
then for 3 of 1 5-44 — 2 of 1 he er 
column of logs. with a parentheſis ſhew, that the 7 over the 
blank in thatline changes to8 under units 4 at top, whence 
the log. of 1514 equal 3.18012. and log. of 1515 equal 
3. 18041 &c. throughout that line. „ | 


N. B. The figures in the ſirſt column under o placed 

thus (9.3) ſhew that the 2 over the blank upwards, changes 
to 3 under unitsg at the top in that row of Logs. Whence 
the Log. of 1348 is 3,12968, and the log. of1 349 is 3, 13001, 


Again, the Log. of 1584 is 3,19975, and the Log. of : 585 

is 3,20002. Here the figures (5,20) thus ſet in the firſt 

column under o ſhew that the 19 following the index 3 in 

the former Log. changes to 20 in that rew under units 5 
and fo on throughout that line. 17 85 
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— Corrett Method of det determining | 
Latitude from two Obſervations 4 the 
_' Shejntermediate Time._- | 
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Ex. 18. Adnit on Jaye, the 22d. at gh. zom A.M 
ſun's Wtithde, 48d. — and at ho 
— 10m. Required the latitude ? 


th OPERATION. 
Half the tide (at 4. to 1h.)is 70. fas 60 | 
e 2 ) is d. 30m. MY 


Suma d 23 28 co. fine 9.96250 
6 53 fine 9707879. 


> 


Ha RS X 2 | 
Sine — 19 45 co ar. 
+ 18m alt. fine 35 50 ditto 
Com. of iſt, alt. 42 8 
| 7, 
| Matt fam r 
Dub. co. of 1ſt. alt. n 
D 5 3 _» j 
tm — . 19.541660 


$3 7 = half 9.77080. 
| Te — which call B 
be can of half the time 2 


23 28 No. — * | + 
Co. tangent 87 -” 2 8.71953 


which fubtract from B 107 
4 Difference 320 5 l. 
| — aliens 3 © B5860 | 
which call E equal . 61 
which tubtract from 88 G6 32 com. of declination 


F 32 3a Jo co. fine 9.92602 0 
Sine of ad. altitude nes - 9.9889 5 + 
Ca, fine f e 34 02 co. ar. 0.08160 


Sine of the latitude N. ITY 35 57 


| N. B. Th ſun's declinidtos muſt be . to the 
e 


0 - 
- — —A—Å * 
* * 
—— —— 2 


— 


eue ben. 


Ex. 2d. Admit on December 2oths at 10 o'clock A- I. 
Aaͤltitude 24d. 10m. and three quarters of an hour 
fun's altitude zod. oom. Required the latitude ? 

The OPERATI ON. 


Half the time (at 15d. to 1h,)is 5d. 37m. fine 4 nd Y 


1 


8 Sun's declination 23 28 co. fine 9.96250 
RT: ; $ oy 113318 
"NS 
5 20 13 co. ar. 64763 
+ $4 Co. of ſecond alt, is 60 oo Ditto ©,06247 [| 
Ditto firſt 68 50 | pe 
Sum 130 os + 
Half Ditto p 68 04 fine 9,96736 
"1 Sub, Co. of firſt alt, — 50 * 
Difference 2 14 fine 8,59072 * 
| | | 33 | 19,368 18 
Co, Sine 61 06 = half 9,68409 
| 1 22 12 which call B. 
Then tang, of half the time 5 37 9. 8577 FE 
5 Sine Declination 23 28 ſoutk 9.50011 
Co, tangent | | 87 46 | B,59286 
—_ Remains 92 1 contrary to the lat. 
Sete from B +. 00 i | 
Difference 29 Fh co, fine 9,93767\ , 
Co, tang, of zd, altitude ” — 2909] * 


_ which call C equal 56 19 tung, ore ora 
which ſubtract from 113 28 (god. +declination) 


co, ſine 734 5 
Sine of ſecond alt, - — 5.698 bm 1+ 
Co. ſine o 56 19 co. ar, o, 25612 


Sine of the latitud e N. 297 9.03944 


1 1 
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"BROOKS lately. Publifbed, and dell h) the Arge. 


The Young Students Pocket Companion ; ; 


* zvmplete ſyſtem of ARITHMETIC, GEOMETRY, 
PE Targ0NQMETRY, and MENSURATION; calculated for the 
| ment of; youth} at ſchool, and for the benefit of ſuch as 

2 che ity of a tutor, in three parts. 
ing Arithmetic, Vulgar and Decimal Fractions, 


Part 1ſt. C 
Repetends, a 2 the extraction of Roots, Multiplica- 
tion of feet 
- 2d. The S 


3 Geometry, and Trigonometry, both and 
oblique I . 2 3 dines, . — &c. 
— by Scale Compaſſe 


che Gregorian 
; and domini- 
_— One WEIInt cons £20 an e method of de. 

Ten the cel ſes of fun and moon, a view of the ſolar. ſyſtem; 


uſeful tables. Price 3s. 2d. bound.” 
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Likewiſe may be had, | Price 18. 
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